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PREFACE 


The system of indicating dates In this book is based upon those 
used by the late George Sarton in his History of Science and by Joseph 
Needham in his Science end CfvfEMfftm in China. Centuries are indi¬ 
cated by Roman numerals preceded by + or — according to whether 
they are centuries of the Christian era or B.c.t hence —VIIt means 
eighth century b.c. Years are treated likewise, with Arabic instead of 
Roman numerals; foi instance, +412 = a.D, 412, The plus sign is, how¬ 
ever, omitted from years after +1000. because the meaning of tire nu¬ 
meral is obvious in such cases. 

In the text, most Greek names are spelled in the Greek manner, in¬ 
stead of the Latin (hence Kcnnims instead of Ceraumiv} because l like 
it better and think it will iti time prevail. But in the notes and bibliog¬ 
raphy, most mimes of Greek writers arc given iu Latinized or Anglicized 
form to make it easier to find standard edition- and translations. 

For help in one way or .mother with this work—procuring books for 
me. answering questions, cheeking my translations, and criticizing parts 
of the test—I am grateful to Alien T. Bunnell, Lionel Cassnn, Jack Cog¬ 
gins, Bern Diboer, Caroline Gordon Doskcr. A, G, Draehmann, I. E. S, 
Edwards, R. J. Forbes. Umberto Forti. Samuel Frelha, Samuel N. 
Kramer. Willy Ley, William McDermott, Robert P. Mulihauf, Derek J. 
de Soda Price. Pellegrino Claudio Scstieri. Guido Ucelli, Donald N. 
Wilbur, Howard H. Williams, and Conway Zirlle; and to the Burndy 
Library [ Norwalk, Conn ), the Swarthmore College Library, tile Union 
Library Catalogue, and the University of Pennsylvania Library. Finally, 
my wife's work of editing the manuscript bus gone Ear beyond the call 
of duty. 


L. Sprague dc Camp 
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THE COMING 
OF THE 
ENGINEERS 

m 


ONE 


Civilization, as we know ft today, owes it* existence to the en¬ 
gineers r These are the men who p down the lone centuries, have kamed 
to exploit the properties of matter and the sources of power for the 
benefit of mankind. By an organised, rational etlort [o use the material 
world around them, engineers devised the myriad comforts and con¬ 
veniences that mark the difference between our Jives and those of our 
forefathers thousands of years ago. 

The story of civilization is. In a sense, the story of enEuiccring— that 
Jong and arduous struggle to make the forces of nature work for man’s 
good. The story of engineering, pieced together from dusty manuscripts 
and crumbling relics, explains as well the state of the world today as 
all she accounts of kings and philosophers, generals and politicians. 

To appreciate the accomplishments of the engineers, we must tinder- 
stand the changes that have taken place in human life during the last 
million years A million years ago. at the beginning of the Fleistocene 
Period, our ancestors were small, apelike primates, much like the man- 
apes whose fossil remains have been found in Africa. 

Two things distinguished our ancestors from modem apes, such as the 
gorilla and chimpanzee. First, they lived mostly on the ground and regu¬ 
larly walked upright, so that rheiT limbs were proportioned much tike 
duis, They did not have ihe long hooklike anni, the short bowed Jegs p 
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and handlike feel of modem apes. Second, their brains were larger than 
those of modem apes, although smaller than ours. 

Probably as early as 100,000 years ago, before (lie last advance of 
the Pleistocene glaciers, and certainly by 10,000 years ago, the forces of 
evolution had caused these man-apes to evolve into men, every bit as 
human in form and as intelligent as we are. Differences in dim ate in 
different parts of the world had spill the human stock into three major 
anti several minor facts. 

These men, like all the men who had gone before ihem, lived by food¬ 
gathering. They sought a precarious livelihood by hunting, fishing, pick¬ 
ing berries, and digging up edible roots and tubers. They greedily gobbled 
lizards, insects, and carrion. Today only small bands of African Bush¬ 
men and Pygmies, a few Australian aborigines, and a handful of Eskimos 
—a tiny fraction of 1 per cem of humanity—subsist in this manner. 

Because of the difficulty of getting food, in Pleistocene times only a 
few hundred thousand people existed on the entire face of the globe. But 
there is no reason to think that we today are one bit cleverer than the 
men of -8000, at the time of the great Neolithic agricultural revolution 
that turned hunters ink) peasants. For one thing, 10,000 years is too 
short a time for evolution to have had a measurable effect. For another, 
many geneticists believe that civilization causes the human stock slowly 
to degenerate, by enabling persons with unfavorable mutations to live 
ond breed, when in a wild state they' would quickly perish. 

However that may be, man has spent about 99 per cent of his history, 
since he first learned to make tools, as a hunting and food-pothering 
tribesman. Civilization has arisen only during the remaining 1 per cent 
of this time, since 9,000 to 10.000 years ago. when men discovered how 
to raise crops ami tame animats. These discoveries enabled a square 
mile of fertile hind to support 20 to 200 limes as many people as before 
and freed some of these people for other, specialized occupations. 

This revolution seems to have first taken place in the hills thm curve 
around to the north of Iraq and Syria. From Iraq and Syria the Ag¬ 
ricultural Revolution quickly spread to the valleys of ihe Nile and the 
Indus, which In their turn became centers uf cultural radiation. 

The Agricultural Revolution brought about changes fully as drastic 
in people's lives as those caused by the Industrial Revolution of the last 
two centuries. Permanent villages took the place of temporary camp¬ 
sites, The drudgery of the farm replaced the thrill of the hunt, which 
men remembered fondly in myths like that of the Garden of Eden. Al¬ 
though (amine still stalked the land at times, at least starvation was no 
longer a weekly occurrence. 
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In another three or four thousand years, some of the tanning Ullages 
of the Near and Middle East grew into cities. Then with a rush came 
meiaK writing, large-scale government, science, and all she other fea* 
hires of civiiizatiim. 

A* fanners kerned to raise more food than they ihemseIves needed, 
other men were pbk t a spend all their time m making usciui things, 
which they exchanged for surplus foods. Thus specialization arose* 

Human society had long known a couple of specialists: the tribal 
priest or wizard and the tribal chief or war leader. As specialization in¬ 
creased, merchants, physicians, poets, smiths, and craftsmen of many 
kinds came into being. Instead of making their own bouses, carts, wells, 
and boats, men began to buy them from workmen skilled in these arts* 
Soon the arts advanced to the point where even a wise and experienced 
workman could not know all that had to be known about his craft. 

As the chiefs evolved into kings and the wizards into high priests* 
they waxed rich and powerful. They acquired helpers, messenger?, body¬ 
guards, and oilier servants, who outranked the Simple peasants. Slavery— 
at fir$E a humane invention, which made it no longer necessary to 
slaughter one's prisoners of war—introduced still another class. Thus so 
ciety became seamed and assured into a multitude of specialized oc¬ 
cupations. 

Wealth and experience piled up. Men undertook projects too large 
for a single craftsman, even with the help of hss sons and apprentices. 
These projects called for the work of hundreds or even thousands of 
men T organized and directed towards a common goal. Hence arose a 
new class of men: the technician* or engineers, who could negotiate 
with a king or a priesthood for building a public work, plan the details, 
and direct I he workmen. These men combined practical experience with 
knowledge of general, theoretical principles. Some time 5 they were inven¬ 
tors as well si 5 contractors, designers, and foremen, but all were men 
who could imagine something new and transform a mental picture into 
physical reality.. 

Invention has been going on ever since our apish ancestors learned 
to feed a fire and flake a flint But the conditions under which inven¬ 
tion takes place, and the pee of Invention, have changed greatly since 
the beginning of historic rimes. 

Some primitive inventions, tike the manioc squeezer of the South 
American Indians, the Australian boomerang, and the Eskimo toggle- 
joint harpoon, are extremely ingenious. They point lo inventive talents 
as keen as anything the civilized world can show* 


16 


The A ncieal Engineers 

Nevertheless, during nearly all of the List million years, invention pro¬ 
gressed with gtiidul slowness. Men chopped with ax I leads held in the 
fist for hundreds of thousands of years before drey learned to fasten 
handles to their axes. Dunne the earlier part of the Pleistocene Period, 
it is possible that men were loo stupid to be very inventive. By 100,000 
years ago, however, men had probably become quite as intelligent as wc 
are—htil still technology advanced at a crawl. 

the reasons for the sloth of invention in primitive societies are not 
hard to understand. For one thing, primitive peoples live a hand-to- 
mouth existence. Most of their foods cannot be stored, so that they have 
no economic surplus. Therefore they can fee well afford to risk experi- 
mint than more advanced peoples. If an experiment fads, they die. 

As a result, primitive societies are very conservative. Tribal customs 
prescribe exactly how everything shall be done, on pain of the gods* dis¬ 
pleasure. An inventor is likely to be liquidated as a dangerous de¬ 
viation ist. 

Peasant farmers are almost equally conservative. Man’s inventive 
faculties are stimulated by the breakdown of established custom that 
takes place in the urban environ incut; hence most inventions have been 
made by city dwellers. 

Another cause <if the slowness of primitive invention is the scarcity of 
inventors. A hunting and food-gathering technology can support only a 
very small population fur a given area. Thus the few hundred thousand 
members of the human species living at any time before the Agriculture] 
Revolution were divided into many isolated little hunting bands. 

Such a band seldom exceeds fifty or a hundred people, counting the 
many but short-lived children. Because the radius of action of the hunters 
is limited to the distance they can walk to kill their game and carry it 
back to comp, an increase in numbers docs not enlarge the area that 
Can be hunted at one lime. It merely causes the same area to be hunted 
more intensively. So, if the hand grows too large, game in rhe neighbor, 
hood becomes scarce; and the band onmt migrate or starve. Eventually 
it will have to split up. Perhaps human factiousness—our tendency to 
divide up into factions on almost any pretext fracial, religious, cultural, 
political, economic, or sporting) and fight it out-is a survival media, 
nisra evolved during man's hunting phase, to insure that hunting bands 
split up before they grew !oo large to feed themselves. 

Sow, in any society, only a Tew human beings ever have original 
ideas ur make inventions. Of these inventors, only a fraction have tbc 
courage, stubbornness, and energy to keep on bettering their inventions 
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until they reattjf work and to keep on promoting them until they per¬ 
suade others to lake them up* 

A rough idea of the percentage of inventors among modem Ameri¬ 
cans can he obtained from the statistics of the Linked States Patent 
O0ke The Patent Office L«iies about 40*000 patents every year*. So we 
can estimate that tile mid^wenlieth-c^mury American population of 
I &G p GOOJDGfl people producer abtHtl one patentable invention each year 
for every 4 + 50O dthrens. 

Suppose, now, that all Americans were wiped oat except one hand 
of forty-five people. If this group continued ro produce inventions at the 
$4tme rate, it would mm cue only one invention every ccnturs! This is 
of course a gross oversLmpiiElection. Bui it does, indicate why a small 
tribal society, no mailer how clever the tribesmen, cannot be expected 
to produce inventions rapidly. 

In actual fact* Ihe rate of inventions among Stone Age hunters was 
cnormoifity slower than among our imaginary hand of forty-five Ameri¬ 
cans. For modem Americans arc encouraged to invent in ways that 
primitive folk are imji. We arc used to the thought that men can improve 
their lot by inventing things, and that invention h a worthy act. On the 
contrary T primitive people, who have ah they can do to keep alive and 
who cannot afford to support a fellow tribesman in idleness while he 
dreams up new ideas, regard inventors with glowering suspicion- 

Suppose now dial there are two bands of forty-five Americans. If they 
arc isolated from each other* each band will pnoduce one invention a 
century, so that each progresses at the same rote as before. Their cultures 
will diverge somewhat, as they will hit upon the snmc inventions only 
rarely, by chance. But each group will plod along at the same old. rate 
of one invention a century* 

However, if they meet and join forces* then all ninety person* will take 
advantage of the mvemtans produced by any one of them. The com¬ 
bined group will produce inventions twice a century instead of once. In 
other words, they will progress tecknofagtcdly twite as fast. 

To sum up: Progress in civilization depends upon invention, and a 
rapid rate of invention in turn depends upon ihc sizable populations that 
are only possible under civilization. The crucial inventions that made 
such progress possible-knowledge of raising donic^icated. edible ani¬ 
mals and plants—took place in Syria and Iraq about -8000, 

Once the Agricultural Revolution had taken place, much denser and 
more numerous population* than hjd ever before existed could and did 
live in the valleys of the Nile, the Euphrates, and the Indus, As the 
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Reverend Thomas Mill thus pointed out a hundred and sixty years ago. 
people <|Utckly breed up to the greatest density the land will support at 
the current technological level. At that point the population levels of!, 
because excess people are destroyed by starvation, pestilence r or war. 

The mere fact of having large interconnected populations, then, meant 
that inventions toot place at a faster rale than before, and these inven¬ 
tions In turn made denser and more widely intercut! nee led populations 
possible. Hence civilised men tended to draw farther and farther ahead 
of their primitive fellows. 

Moreover, the inventions on which civilization was founded tended 
to spread. These inventions did not spread out evenly in all directions. 
They spread along trade routes, and they spread lo lands where these 
ideas could be profitably applied. They were stopped by strong natural 
barriers, such as deserts and oceans; and they died out where condi¬ 
tions made them useless. 

Thus the idea of raising cotton or dates could not spread to Europe, 
because the cotton tree and the date paint will not grow there. The 
wheel failed to spread from Iraq to neighboring Arabia, because there 
was no place in the wastes of the Arabian desert where wheeled vehicles 
would have been very useful. 

As a result of this speed-up and spread of technology, a high level 
of civilization hod been achieved a thousand years before Christ in a 
broad bcli sireiching from the lands around the Mediterranean through 
the Middle Eusl India, and Souiheasi Asia to China. Any new inven¬ 
tion. originating at one end of this Main Civilized Belt, traveled in a 
few centuries to the other. China, partly isolated at one end of the Belt 
bv the Mongolian deserts, the Tibetan mountains, and the jungles of 
Southeast Asia, was a thousand years late in getting started but soon 
became as civilized as tile rest. 

Some of these advances in technics spread to Central Asia and Cen¬ 
tral Europe as well. Civilization had little effect on northern Europe 
and northern Asia, however, because the population of these lands was 
very thinly scattered and conditions of life were so different from those 
of the Belt that most inventions made in warmer lands were of liulc use 
there. 

Civilization also failed to penetrate Negro Africa, being stopped by 
the barrier of the Sahara Desert, the swamps of the White Nile, and 
the mountains of Abyssinia, This barrier isolated sub-Saharan Africa 
as effectively as if ti had been qn island. Furthermore. Old World civi¬ 
lization failed to leap the watery barrier* to reach the Pacific Islands, 
Awiralia, or the Americas, In another millennium, however, the peoples 
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of Central and South America began indepcndenily to develop their 
own civilizations. 

It would herein, then, that the main factor in determining whether any 
particular people took part in the technological adventure that followed 
tlic Agricultural Revolution was neither race, nor climate, nor local re¬ 
source*, The main factor was simply a matter of geography—where the 
people lived wilh respect to the river valley* in which this revolution 
look place. Those lucky enough to dwell along the cultural highways 
from China to Spain received ihe benefits of ihe speed-up; those who 
lived elsewhere did not, or did so only tardily. 

I have spoken of the spread of inventions through the Main Civilized 
Bell and into lands otiudde this area A few decades ago, a tremendous 
dispute on the spread of invention* arose among anthropologists. This 
dispute is culled the Diffusionlst Controversy, 

The bast* of the argument is this: If you find the same culture trait 
-Hiuch as a blow gun or a flood legcttd-tn two widely separated groups of 
people, and the intermediate people* lack this trail altogether, did the 
two Groups invem it independently, or did the) somehow get it from 
the same source? 

Certain Britons—the psychologist Rivers, the anatomist Elliot Smith, 
and the anthropologist W B J. Peiry-Hfevcloped the extreme diffusionist 
or dispersion jsi theory. Awarding to tins fiy r pothest5 T all civilization 
tanir from one (or at most a few ! Old World centers. Ebe difluASonkts 
deemed invention so rare thnt the tame invention could nevtr have been 
made independently by different peoples. Wherever dose similarity was 
found, even on opposite sides of the globe, they averted that the trait 
had been spread by trade or migmtkia- 

Henee the diffusionisrs tnfcmd H for instance, that the Mayas and 
Aztecs must have learned to build pyramids from the ancient Egyptians 
-Mjcspite the fact that, when the Mayas and Aztecs began to erect these 
structurev, f evpt was already thousand* of years old and had long since 
stopped building pyramids. They argued that all human civilization must 
have originated in onv spot on she earth. Elliot Smith named Egypt, but 
others found iheir source of illumination in Brazil, the Ohio Valley, 
India, the Arctic, or Plato's fictional Alton its, 

Diffusiomsm became a cull. This cull attracted people of the sort who 
seek arcane wisdom in the measurements of King Khufu's pyramid or 
hum for the Lost Ten Tribes of Israel among the Irish, the Iroquois, 
the Japanese, or the Zulus By insisting that the same invention could 
never have been made twice aver* the cult appealed to people who, 
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never having had an original idea themselves, find it impossible to im¬ 
agine anybody's else having one. 

In later years this nonsense declined as sane anthropologists pointed 
out over and over, that every invention contains some borrowing and 
every borrowing some invention, 'Where you draw the line between 
diffusion and original invention, then, b a matter of convenience. 

Furthermore, there are many well-known cases of independent in¬ 
vention, As we shall see, the crossbow was Independently invented in 
the Far East and in the Mediterranean. In civilized countries, simultane¬ 
ous invention occurs all the time. That is why the United States Patent 
Office has a special procedure called an ‘'interference" to find out who 
in such a case is legally entitled to the patent. 

On the other hand, die re art many cases of worldwide diffusion of 
an invention. Thus the bow reached the Americas from Asia, and later 
the tobacco pipe traveled around the world during the Age of Explora¬ 
tion. It is often hard to decide whether an invention traveled from one 
land to another or was independently created. Each case must be judged 
on its merits. 

A specimen or a working diagram of art invention need not make 
the journey. A man may hear a rumor of an invention practiced in some 
foreign land, and the mere idea is enough to set him to thinking and 
tinkering in order to develop a similar invention on his own. Several 
systems of writing, devised by West African natives in -*-XlX, furnish 
examples of this "stimulus diffusion" as the anthropologists call it. 

Fhe first engineers were irrigators, architects, and military eneificers- 
The same man was usually expected to be an expert at all three kinds 
of work. This was still the case thousands of years later, in the Renai*- 
sance, when Leonardo, Michelangelo, and Dilrer were not only all¬ 
round engineers but outstanding artists as well. Specialization within 
the engineering profession has developed only in the last two or three 
centuries. 

Irrigators laid out the canal systems on which the early river-volley 
civilizutions depended, the Babylonian gugitUa or irrigation inspector 
was such an expert. Irrigation enabled fanners to raise so much more 
food that an increasing number of specialists, relieved of peasant's 
chore?, were able to gather in dries to practice their specialities Today’s 
city is still essentially □ place where specialists live and work, even 
though the farming class, once almost tbc whole population, has dwin¬ 
dled in industrial lands to a small minority 

Soon the kings who ruled these early cities desired houses larger and 
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more comfortable than the huts of stone, day, and reeds wherein they 
had been living. So they called upon architects to build them palaces. 

Next, priests masted thal thu eods would be offended if they were 
not housed at least as splendidly m the kings. So the arehiiceu put up 
temples, containing statues of the gods and other works of art 

To protect the wealth of the gods and the Icings, military engineers 
built walls and dug moats around cities. In the lower Euphrates Valley* 
where there is practically no sioite* walls were made of brick. Elsewhere 
they were made of stone—preferably the largest stones thal could be 
moved. 

Even before mortar was invented, men could build a good solid wall 
Of small stoics, which would stand up to she weather for years. How¬ 
ever,. all an enemy had to do to such i wall was to pry out a few stones 
with his spear, and the wall collapsed 
Therefore, many early fortifiers made their walls of very large stones* 
trimmed to tit roughly Together. The shiref weight of these stones pre¬ 
vented the foe from pulling them out especially if defenders atop the 
wall were raining missiles upon him. Such walls are called “cydopean" 
because die ancient Greeks, seeing the ruins of walls of that kind built 
several centuries earlier* thought they must have been made by the 
mythical one-eyed giants called Cyclopes. 

The hoards of melah. jewels* fine raiment and foodstuffs in ihc tem¬ 
ple* and palaces also required men and meatis to keep track of them. 
Thus came about the in venison of arithmetic and wilting. Writing was 
done on the surfaces of some focal material: in Egypt* on paper made 
of strips of papyrus reed: m Mesopotamia, on slabs of clay; in India, 
on paper made from palm fronds: in China, on strips of bamboo. Stone, 
wood, and leather were also used a* writing materials. 

The early wriimgs on siting and the written bricks of Mesopotamia 
have survived. But the other materials, being perishable, have almost 
completely disappeared down to recent dates, save where people were 
interested enough in their contents to copy and rtcopy them. Hence cun 
knowledge of ancient limes h very spotty The caprices of fare have 
decreed that a goodly sample of the writings of one civilization should 
be preserved while that of another should utterly perish. 

As a result, the high school student of ancient history gets the curious 
impression that during the Golden Age of Greece* the Greeks were 
the only people in the world who were really alive. It seems as though 
the folk of all the other lands wen: standing around like wmcb tfum~ 
mks in a state af suspended animation. 

Of course thal is not true. During the Gulden Age at Greece, all 
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along the Main Civilized Bell from Spain to China, teeming multitudes 
toiled. Everywhere princes preened; politicians plotted; priests prayed; 
merchants haggled; warriors dashed; thinkers pondered; lovers sighed; 
drunkards reeled; poets declaimed; prophets ranted; sorcerers conjured; 
charlatans beguiled; slaves shirked; thieves filched: and people joked, 
quarreled, sang, wept, lusted, blundered, yearned, schemed, and carried 
on the business of living in quite as lively a fashion os the Greeks were 
doing. 

But. because the Greeks pul their experiences down in writing, and 
because good luck has saved a small pan of these writings for us. we 
know a lot about them. We know much, for instance, of the little up- 
country brawls of tiny Greek city-states. On the other hand, we know 
almost nothing about the score of thunderous bailies hy which Darius 
the Great and his generals defeated the many rival claimants to the 
Persian throne, although these battlefields may have seen quite us bril¬ 
liant feats of generalship and as gallant deeds of dmight as the fields of 
Koronea and Leuktra. 

For the same reason, we know quite a lot about Greek and Roman 
engineering, but very little about ancient Iranian, Indian, and Chinese 
engineering. ]n (raft, India, and Chius either the subject was not written 
about, or the wrilings have perished; or, where records have come down, 
many have never been published in European languages. 

Even today, numbers of ancient manuscripts lie in the great libraries 
of Asia and North Africa, unread, uncatalogued, and untranslated. 
Many might shed additional fight on medieval oriental science and 
engineering. Same may even be translations of supposedly lost Greek 
works on these subjects. One of the most urgent tasks of scholarship is 
the publication and translation of these works before the originals are 
vaporised in .mother war. A few scholars work at this task as time and 
chance permit, but the number of workers is small for the size of the 
job. 

As nearly as we can reconstruct die evidence, the earliest civilizations 
were patchworks of little independent city-states, ever fighting one an¬ 
other. Government varied as power shuffled back and forth among the 
dominant groups: the king and his cronies, the priesthood, the senate 
{a gathering of the heads of the richest families), and the assembly fu 
meeting of the fighting men of the group). Women, poor men. and 
slaves, having neither wealth, arms, nor magical powers, did not count. 

The government—whether a theocracy, n monarchv, or a republic— 
controlled not only the dwellere in the city but also as many of ;hc peas- 
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ante of the neighboring countryside as could be persuaded or coerced 
into accepting tbe city's ^protect!™ w In return for military service and 
Lutes, the peasants, wjjly-nilly, gen centralized control of their Irriizittton 
systems, defense against foreign invaders, and ^ome rough-and-ready 
law and justice. 

In time, the march of technology made tht city-state obsolete. Where 
a river system forms a single large w atershed, an irrigation system works 
better when it is ruled by one centra! administration, Thus* in the valleys 
of the Nile, the Tigris and Euphrates, the Indus, and the Hwang-ho, 
conditions favored the cx tension of one sinters rule over all the others 
in the watershed. Historians argue whether empire tame first and made 
possible large-scale irrigation, or whether large-scale irrigation came first 
and encouraged the growth of empire. Probably the former is more 
ncarfy right, but there was also a mutual effect. Each imumtion fostered 
and strengthened the other as it crew. 

In the large watersheds of wet countries, such as the valleys of the 
Ganges and the Mekong, irrigation was less important But here the 
need 10 protect the valley dwellers from floods promoted the centralize 
tion of government. 

Because of the benefits of large-scale government in such a river val¬ 
ley, a city-state or a king who had conquered half of a watershed could 
easily gobble tip the remaining half- The conqueror's subjects accepted 
him, however grudgingly, becau^ of these economic advantages. Ami, 
once established, he was hard to get rid of. 

Under the conditions of early river-valley civilization, even a bad em¬ 
peror mighi be better Lhan none at all. While men feared cruel and 
rapacious rulers, even more they feared a time of anarchy, The Indians 
called it "the way of the fishes/' when the strong devoured the weak 
without hindrance. Their poets chanted: 

A rivet whhaur w-^er. 

A fcrtii Withoui grass, 

A herd of cal tie without a herdsman. 

Is the bind without a king/ 

So importa nt was ihe driiributinn of water in such a polity that the 
Gertnan-American scholar Witcfogel refers to a watershed empire of 
the type wc have discussed as a "hydraulic state.” While the government 
of city-states took various forms, such as limited monarchy, aristocratic 
republic, and popular dictatorship, ancient empires tended to be abso¬ 
lute monarchic* of the most despotic Lind, The king was deemed a god, 
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or tin? son of a cod. or al feast the special agent of a god. His word was 
law. Governmen! was a centralized, authoritarian despotism of—tl would 
seem to us—the most tyrannical and oppressive sort. 

Moreover, nobody *ccrm to have seriously considered □ large-scale 
government of any other kind. In ardent republics the voters, who 
were only a frad ion of the total population, h.td to gather together to 
vote in person. Although such a scheme shores power to some extent 
and works fairly well in a small city-state, it is impractical in a large 
nature. 

There were plenty of revolts, revolutions, and civil wars in the ancient 
empires. U was a rare king whose death did not result is j war among 
his would-be successors, and provinces that had once been separate na¬ 
tions repeatedly sought to regain their independence. Hut. while many 
kings were overthrown or murdered. I he sole result was to replace erne 
despot bv another who, his supporters hoped, would prove a better king. 

Sometimes, a watershed empire broke up into parts as a result of 
domestic disorder or foreign conquest. But, alter a few decades of the 
joy's and sorrows of anarchy and incessant strife, the people of the water¬ 
shed were once more prepared to submit to the rule of an all-powerful 
emperor. 

From (be rise of the first watershed empires down to the achieve¬ 
ment of temporary world mastery by Europe after IflOO. man's history 
largely consists of the story of the mighty empires that rose in the Main 
Civilized Belt, spread far beyond the confines of a single watershed, 
flourished for a time, and withered away. Sometimes they lasted for 
centuries, sometimes for :t few years only 

Thus the Assyrian Empire gave way to the Median, and that to the 
Persian, and that to the Macedonian, and that to the Roman, and that 
10 the Arab, and that to the Turkish. A king succession of other empire*, 
in Iran, India. China, and Central Asia, flourished beside these westerly 
realms. And many of the rulers of these domains—however good or 
bad in other respects-were among the world's greatest builders of public 
works and, therefore, the greatest patrons of the engineering profession. 

For. whatever (heir «ns and oppressions, some early despots did 
much for those they ruled. A king with any brains tries to make his 
people prosper, if only so that he can tax them. Rulers of ancient em¬ 
pires built mads, which fostered commerce and communication. But 
the principal purpose of these roads, as of the governmental postal sys¬ 
tems that operated over them, was lo keep a sw jh stream of commands 
and Inquiries Rowing om from ihc capital U> ail parts uf the realm, and 
tin equally lively stream of information and tribute flowing hack, for 
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the benefit of the refer. However They might disagree on other malters, 
a king and hfc subjects had a common interest in keeping up roads and 
canals, suppressing brigandage and piracy, and maintaining order. 

Nowadays we draw fine distinctions among she meanings of such 
^onds as craftsman* engineer, technician, and inventor. The United 
States Paten] Office has da bo rate rules e nr deciding whether an invention 
is original* or whethtr it is merely “an improvement obvious to one 
skitfed in the art/' such as a change in size, strength, speed, proportions, 
or materials. 

In speaking of ancient technical men. however, there is no point in 
observing such delicate differences. Every time an ancient crafismnn 
math- something that was no! a close copy of a previous article, he in¬ 
vented. even though his invention might no! he patentable according to 
modern Jaws. 

Wo think of an engineer .is a man who designs ssructure or 
machine, or who directs the building of it, or who operates and main- 
tarns ir. En practice must undent engineers were inventors; while most 
ancient inventors, at least after ihe rise of civiliiatfcitu could also be 
classed as engineers. So let us lump nil these ancient innovators and 
designers together as “engineers/ 1 

Despite ihe enormous importance of engineers and inventors in milk¬ 
ing our daily life what it is, history* does not idt much about them The 
earliest historical records were made by priests poising their sods and 
poets flatterine ihcir kings. Neither cared much about such mundane 
■nailers as technology. 

As a result, ancient legend and history arc one-sided. We hear much 
about mighty kings and heroic warriors, somewhat less about priests, 
philosophers, and artists, and very little about the engineers who built 
the stages on which these player* informed [heir parts. The warrion 
Achilles and Hector were ceiebtiiied in song and MOiy—hue ihc for- 
gtMten genius who* about The lime of the siege of Troy, invented the 
safety pin t lies wholly forgo!ten Everybody has beard of Julius Caesar 
—but who knows about hU contemporary Sergius Grata, the Roman 
building comraetor who invented central indirect house healing? Yet 
Ofatu has affected out daily lives far more than Caesar ever did. 

Nevertheless, of all the phases of civilized life, ihe advance of tech¬ 
nology gives I he best ground for belief in progress. If ihcrc k any con- 
sSstcni pattern of evolution fit politics and government, it is not rn 
discern. Great soldiers and statesmen have built up empire--by 1 a few 
generations brer these empires faded away a* though they had never 
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been. In the fidd of government, many people thought half n century 
ago that there wus a natural evolutionary trend towards She democratic 
republic—but now many parts of the world seem bound in the other 
direction, towards authoritarian despotism. It is mere soothsaying to 
predict uhat fonn of government. if any r will finally prevail 

Likewise, great world rejig ieu?s like Buddhism. Judaism, Christianity, 
Islam, and Hinduism, with their tightly organized priesthoods and their 
closely reasoned theologies, have in the Iasi two thousand years won 
most of the world away from the unorganized pagan and tribal cults. 
Bui the world religions differ basically among themselves and arc no 
nearer to scientific proof of their discordant claims about the nature of 
man and the god* than when they were founded. Today* in many 
lands, they are losing ground to the pseudoscientific philosophy of 
Marxism. 

Pure science has advanced enormously in the last three centuries. 
But, looked m over the whole stretch of recorded history* the advance 
of science lias been erratic, ft has leaped ahead in sudden spurts, shot 
off on pseudo-sdentUk tangents like astrology and ciklremy. become 
embroiled in religious and political conflicts, and sometimes been re- 
pud k led by whole mu ions. 

In the arts, people's tastes have changed from age to age, but in a 
capricious and faddish manner People have often abandoned some 
canon of beau re in painting, sculpture, architecture, music, or poetry 
and embraced another simply because they were bored with the old and 
eager to try some thing new. 

But through olJ the ago of history, one human institution-technology 
—has plodded ahead. While empires rose and fell, fonris of government 
went through their erratic cycles* science flared up and guttered out* 
men burned each other over difference of creed, and the masses pursued 
bizarre f.ids and fash ions, the engineer'’ went ahead with raising their 
city walls, erecting thejr temples and palaces, paving their roads, digging 
ihdr eiitmh, tinkering with their machines, and soberly and rationally 
building upon the discoveries of those who had gone before. 

So, if there is any oik progressive, consistent movement in human 
history., it is neither political, nor religious, nor aesthetic- Until recent 
centuries it was not even scientific. It is the growth of technology, under 
the guidance of the engineers. 

Technology has progressed continuously from the time of the Agri¬ 
cultural Revolution 10,000 year* ago. slowly and hesitantly at first, 
then with increasing sureness and speed The sixteenth century marked 
the beginning of modern engineering because* from that time on, profes- 
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siomU societies *crc formed, treatises on engineering subjects were 
printed in quantity. engineering schools sprang op, specialization within 
the profusion begun, und engineers began to lake advantage of tlje bril¬ 
liant scientific discoveries of ihc time. The Industrial Revolution, which 
started two centuries ago and is still game on. was a surge in the growth 
of technology. Barring nuclear war, the end of this fruition of engineer¬ 
ing is nowhere in sight. 

Today, in technologically advanced lands, men live ven similar lives 
in spite of geographical, religious, and political differences. The daily 
lives of a Christian bank clerk in Chicago, a Buddhist bank clerk in 
Tokyo, and a Communist bank clerk in Moscow are Far mote alike 
than the life of any one of ihcm is tike that of any single man who lived 
a thousand years ago. These resemblances are the result of a common 
technology, and tins technology is what many generations of engineer; 
have built tip, with the greatest skill and diligence ot which human be¬ 
ings are capable, and handed down to us. 

Many readers already know of the doings of the engineers and in¬ 
ventors of recent times. They have heard of James Watt and his steam 
engine, of John Augustus Rocbiing and his Brooklyn Bridge, tv of 
George W, Gocttals and the Panama Canal. Bui few know about the 
remote predecessors of these modem engineers-about the men who 
bid [he Inundations on which their modem colleagues have huill. There¬ 
fore, this book will he devoted to all these neglected early engineers 
who. much more than the soldiers, politicians, prophets, and priests, 
have built civilization 
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Serious archeological work began in Egypt and Mesopotamia 
only about a hundred years ago, but since then much has been learned 
about the early civilizations of these Sands, Although no definite date 
can be given to the beginning of either civilization, most scholars now 
believe that the civilization of the Euphrates Valley is several centuries 
older than tlial of the Nile. 

The monuments ol early Egypt, however, are far better preserved 
and much more impressive than those of its sister civilization of Iraq, 
The Egyptians had abundant supplies of good limestone and granite in 
the bluffs that paralleled their river for hundreds of miles. And. as most 
of the country gets hardly any rain, some of the monuments that the 
Egyptians built of these stones have lasted with but little weathering 
for thousands of years. 

On the other hand, the Euphrntean plain has no stone, and its duo- 
palms do not furnish gf>od timber. Any timber the Mesopotamians used 
fad to be brought down the Tigris from the Assyrian hills. Moreover, 
kiln-dried or burn! brick, which stands up to wet weather, was costly 
because of the scarcity of fuel for the kilns. Therefore it was used only 
to face the most important buildings. The interiors of the walls of these 
buildings, and the whole of ordinary dwellings, were maHr of sun-dried 
or mud brick. 

Now. although mud brick can be made fairly strong by drying it in 
the nun for two to five years before use, it still softens and crumbles 
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when wet. When a crack developed In ihe burnt-brick facing of a Meso¬ 
potamian temple or palace and was not at once rep aired, the sharp 
winter rains dissolved the mud brick within, and the building crumbled 
into rain Hence the tipper parts of the walls of public buildings in 
ancient Mesopotamia haw almost entirely disappeared All we know of 
these buildings r> what wc can discover by digging around the fountta* 
tion'i, which have been protected from complete dissolution by the 
piled-up debris of the upper stories. 

Therefore, to Egypt we must go to Find great engineering works of 
earliest historic limes still in recognizable condition and. as it happens, 
to learn about the most ancient engineer whom we know by name. This 
is the man who invented the pyramids, the mosl famous monuments 
of the undent world Of all the Seven Wonders of the World, only the 
pyramids survive to l his day. 

Whut were the .Seven Wonders? Several Greek writers, beginning with 
Antipatros of Sidem {about —100) drew- up lists of the seven most won¬ 
derful engineering feats they knew about. The usual list of Wonders 
comprised: I. The Pyramids of Egypt. 2. The Hanging Gardens of 
Bab) Ion. 3, The statue of Zeus by Phridku at Glympia, 4. The temple 
of Artemis at Ephesus.. 5- The tomb of King SI.>usolus of K^ria at 
Halik.imassets. 6. The Coiu>iiis of Rhodes. 7 The Pharos or lighthouse 
of Alexandria. 

Subsequent writers drew up their own fists of Wonders, sometimes 
substituting other structures, such as the waits of Babylon oi ihe Temple 
of Jupiter in Rome, for some of those on the original list Of course, 
classical writers could only list things they had heard ol, They did not 
know- about the Great Wall of China, or ihe huge dam at Ma’rib in 
Arabia, or the enormous Buddhist stupas of Ceylon. If they had, their 
lists might have been different. 

The first recorded engineering work of early Egypt was the wall of 
the city of Memphis. This capital of the Old Kingdom stood ai ihe point 
of the Delta, on ihe western bank of the Nile twelve miles above modem 
Cairo, Here the Nile, winding like a vast blue serpent athwart the North 
African desert belt, fissions Into a dozen branches, which writhe across 
the Hal. fertile, fun-shaped Delta to the sen. 

A visit or of classical limn—let’s say ihe Greek historian Kcrodotos 
f—V)—|ti crossing the Nile beheld a lofty wall of pearly limestone. Over 
ihis wall appeared the upper parts of a forest of huge stone statues, 30 
to 75 Feet lull. These colossi were the eidolons of the conquering kings 
of the New Empire, ihe Ramcreres and Senusens. 
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In the midst of the dty rose the citadel. die White Castle, This was 
an artificial lull surrounded by 40-fciot limestone waits and bearing 
palaces and barrack < on its top. Beyond tbc city, for many miles along 
the western hank of the Nile, dumps of pyramids pierced the sky Sine 
wilh blunt trhnguhir teeth of buff-colored limestone, fn Ibsr^e gigantic 
tombs lay the Pharaohs of ihe Old Kingdom, already a hiding nwiimry 
in the minds of the seeming, swarthy folk of the land of Khcm 
Ihb was a city of many names. In Berodottfs* time it was called 
Men-nofer, the Memphis of the Greeks, it was also known as the City 
of the White Castle and the Abode of the Soul of Piuh, Memphis was 
as ancient to Herodotos as Herodotus is K> us. The business of catering 
to tourists who had come lrom afnr to view its antique wanders was 
already well in hand. 

Now let us go yet farther hack m time, to the very beginning of ihc 
Old Kingdom, as far as we can dimly discern the events of that distant 
day through the mist of centuries. About -3000 Menu, king of ihc 
South, conquered all of Egypt. At the boundary between i he former 
separate kingdoms of Upper and Lower Egypt he built his new capital* 
Memphis, and surrounded it with a great white wall. This wall was 
probably made at firs* <if brick with a coating of gypsum plaster. In 
later times a wall of stone took its place. 

Three muuries after Mena, in the reign of Krug Joser, 1 lived ihc 
first engineer and architect known to us by name. This was Imhotep, 
who built ihc first pyramid for his sovran. Imhotep h mcmiooed* ihough 
nor by name, in a history of Egypt written in Greek thousands of year* 
Inter by jn Egyptian pnc*t + Manctbo. In his heiok M.metho wrote; 
■‘JosorthOis [that is to say Jo$er s who reigned J for twenty-nine years; 
who, because of his medical skill has the reputation of A^klepios among 
the Egyptians, and who was ihc inventor of the art o! building in Hewn 
stone. He also devoted his attention 10 writing,* 1 - 

Later Greet and Egyptian allusions, however, show lhat Mmwtho 
Was mistaken ot ihal copyist dropped M'lftH 1 words out of the Icsl. For 
ihc man who was "styled Asklcpios*" and who built in stone and wrote 
was not ioycr himself* but his minLlo Imhotep. 3 

If wc cun trust our scanty sources* Imhotep was bom in Memphis, 
the *on of the royal architect Kanofer. He held various posts and titles, 
tndtiding Royal Chancellor, Administrator of the Great Mansion* He¬ 
reditary Noble, ;md Hcliopohtan High PriesT. 

(mhoiep left a son. Rafooiep. from whom descended a long line oF 
architect* Ai least, so says ibe Inscription of Kimumahru, Minister of 
Public Works under ihe Persian Ung Darius 1 about -490. Kiinumabm 
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claimed descent from Imhotep anti listed a line of menry~ftve architects, 
beginning with Kuijofct and ending with himself. Simple arithmetic 
shows that this number is much too small for the 2,0tX> years from 
Kanofer to Khflutmbra; a complete pedigree covering that length of 
time would ei rtutflpft ahoui three times u* ma ny general ions. So Khnumtf- 
bra either Hi out many ancestor^ or T like some modern folk who yearn 
for eminent ancestry, was faking his genealogy. 

Otherwise there is do real history of Imhotep and his royal master. 
A papyrus of Ptolemaic times relates how the kingdom was afflicted by 
famine for several years became the Mile failed to rise. laser accord¬ 
ingly took counsel with Imhotep, who explained that Khnum, the god 
of the Cataracts, w.'as wroth. So the king deeded lands for temples to 
the god; and all was well. While then! is no reason to think that this 
storv has any historical basis, rt provides the kernel of the biblical leg¬ 
end of Joseph and the seven lean years. 

Although no trustworthy details of the lives of loser and Imhotep 
have come down, we c?n be sure that they were able men who worked 
long and effectively together. Probably Imhotep was a universal genius 
like Archimedes and Leonardo da Vinci Such was his repute as a 
physician, architect, writer, wizard, statesman, and all-round sage that 
in later sivincs collections of wise sayings ettctikied under hU name. 

From the monumems that he and Joser built, we cun tell something 
of haw Imhotep crime to invent the pyramid. 

Most peoples believe In life after death. "Hiis belief aiay have origi¬ 
nally been based upon the dreams of primitive men about persons whom 
they knew to be dead; Most ancient peoples did not make much of this 
belief, thinking the afterlife a dim and shadowy affair. 

The Egyptians however, developed elaborate beliefs about life after 
death One of ihesc beliefs was that such afterlife could be enjoyed only 
so long as the body wu^ kept iniaet Hence arose the practices of mum- 
mifying corpses and of building massive tombs, designed to foil tomb 
rohhet* forever. 

Tomb robbers were drawn by ihe jewels and precious metals buried 
with kings and nobles, who thought that in the afterworld the spirit of a 
dead man needed the spirits of the things he used in life to keep him 
happy, hn the early days of Egypt, Mesopotamia, and China, in ad¬ 
dition to stores of food, clothing, weapons, utid ornaments, scores of 
jUcniLml* .iitJ gmirdvmcn were killed and buried with the king lx> serve 
him In the afterworld. 

Before king Jt:^r s Egyptian kings and nobles, were buried in a Wmb 
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called a mastaba.* Thi* was a rectangular structure of brick, with in¬ 
ward-doping wills, set over jn underground chamber. The reason for 
the inward-sloping walls is that most Egyptian building of this lime was 
in mud brick. 

Although mud brick is one of the feeblest of structural materials, 
the Egyptians learned that, if they made their wails taper upward, these 
walls would not crumble away so quickly. When they began building 
wails of stone, they continued to taper their walls from bottom to top, 
although this batter was no longer needed. The Egyptians, after the first 
few dynasties, became the world’s most conservative people-so con¬ 
servative, in fuel, thal more than two thousand years later, in Ptolemaic 
limes, they were still tapering stone wall: upward! 

After the burial of a king or noble in his mastnba, heavy slabs of stone 
were dropped down vertical shafts to block off the passage to the burial 
chamber, Kings of Ihe Third Dynasty built larger mastabas and began 
to use stone instead of brick. 

Then, when Joscr came to the throne, be and Imhotep experimented. 
First, west of Memphis at modem Saqqara, they built a stone niaslaba 
of unusual size and shape. It was square instead of oblong like its prede¬ 
cessors. and it was over 200 feet on a side and 26 feet high. 

Not yet satisfied, fewer and Imhotep enlarged ibis mas mbs twice by 
adding snme to the sides. Before the second of these enlargements was 
completed, the king changed his mind again, He decided not Only to 
enlarge the structure still further, but also to make it into a step pyra¬ 
mid, resembling four square mastabas of decreasing sac piled one atop 
the other. 

Then Joser changed his mind once more. The tomb ended as a step 
pyramid of six stages, 200 feet high on a base 358 by 411 feet. The 
main body of the psramid was made qf blocks of limesUme quarried 
from local outcrops. To the outside, Imhotep added a facing of high- 
grade limestone-aimost marble-front quarries across the Nile at 
Tnsyu, 4 

Under the pyramid lay a burial chamber, whence many corridors 
branched out, probably to hold the wealth that Joser hoped to take with 
him. Around the pyramid was built a waited indosunr, aboin 885 by 
1,470 feci. This contained Joser's mortuary temple, where the priests of 
a permanent staff were supposed to perform rituals forever to promote 
the welfare of the king in the afterlife. The temple compound included 
Jiving quarters for these priests, tombs for royal relatives, and other 
structures, all made of gleaming golden-huff limestone. 

Imhotep's reputation expanded aftei his death until he was said to 
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have been a son «f Ptah. the god of property, the god of ihe arts and 
crafts, and the tutelary deity of Memphis. Imhotep was uarshiped as 
the god of malicire, with his own temple in Memphis. He appeared 
in dreams to people who slept In the courtyard of this temple to give 
them medical advice. When the Greeks settled in Egypt they identified 
him with their own Asklepios. 1 mentioned :ts a wise physician in 
Homer's Matt and latex, like Imhotep, pro moled to godfiood. 

Joker's successors began step pyramids like his. But these pyramids, 
were abandoned at an early stage or else have been so plundered lor 
stone that liitle is left of them. A few decades after Joser. however, 
three large pyramids arose: two at Dahshur, a few miles south of Sau- 
qara. anil one at Maydtun, about twenty-five miles farther soutb- 

The pyramid at Maydimi was begun as a step pyramid of the Saq- 
qar.i type with seven sieps I ben it was enlarged to a step pyramid of 
eight steps. At last, the steps wore tilled in and the structure converted 
to a true, smooth-sided pyramid Nowadays the last addition has fallen 
away bom the upper part of the pyramid, leaving rite top of ihc second 
stepped stage protruding out of a pile of debris. This pyramid is the 
evolutionary link between the step pyramid and the true pyramid. 

The southernmost of the two pyramids at Dahshur was begun os a 
true pyramid. Bui. about halfway to the top. the angle of inclination or 
the sides decreases sharply, so thal the sides appear folded in, Hence 
this pyramid is called the Bent or Blunted Pyramid. The likeliest reason 
for this «ld change of shape is Thai the king (or whom ihc pyramid was 
built expired before its completion, and his successor hurried and cheap¬ 
ened the work by finishing it off with a top lower than hud been planned. 

The other pyramid at Dahshur, usually credited to King Sene fern, 
was the first large true pyramid to reach completion. It -still stands- 
huge, silent, and sdii.iry-itt the desert near the new tout! from Cairo to 
the Fayyum, impassive in its Isolation us the Great Pyramid on the 
crowded hill west of Giza. Although the namc> of The kings who reigned 
when the DahshQr and Mnydfim pyramids were built are known, it is 
not curtain w hich king built winch lomh. 

The second king of the Fourth Dynasty. Khufu {the Cheops of He¬ 
rodotus; l built the largest pyramid of all on a hiU five miles west of 
Giza, u town on the west bank of the Nile just above Cairo. Khufu 
called bis masterpiece Kfutii-Khtfa, "Khuftfs Horizon " Although some 
cultists hare denied Khufu's authorship nf this mommient, there is no 
doubt about it. Besides ihe testimony of Manetho and Herodotus, 
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Kilufu's mime was found in ted paint on some of the stones of the 
interior. 

This enormous pyramid measures ”?56 feel square It originally mse 
In a height of about 480 feet, although the uppermost thirty feet are 
now missing because of the quantities of stone that have been stolen 
from the outside Hie cathedrals of Florence, Milan, St, Peter's at 
Rome. St. Paiil's in London, and Westminster Abbey could all lx- placed 
at once on an area the si nc of its base. 

The Great Pyramid is mode of about 2,300.000 blocks of stone, 
weighing an average of two and a halt tons apiece/ Except for the 
Great Wail of China, it was the largest single human construction of 
antiquity. 

Khuf«\ Great Pyramid is not only the largest of the pyramids; it 
t> also in nutty ways the best built, despite Kipling's derisive verse: 

Who shall doubt the secret hkl 
Under Cheops' pyramid 
Wad that (he contractor did 

Cheops out ol several millions T* 

The sides of the base come to within 7 inches of forming n perfect 
square. They ,ite also oriented to within less than 6 minutes of arc¬ 
ane-ten ih ul a degree—of the true north-south and east-west directions, 
and the smith side is within - minutes of the true east-west direction. 
Stieh accuracy is amazing. None of the Other pyramids is oriented so 
clttscly, albeit some approach the Great Pyramid in this respect. 

Like his predecessors. Khufu used limestone from local outcrop!; for 
the bulk of his pyramid, while for casing he used fine limestone from 
Troyu and the Moqatpim Hills cast of Cairo, The capstone was pmba- 
htv gilded. But neatly ail the fine .tone was peeled oil by the medieval 
Muslim rulers of L_c.pt to build bridges and houses in Cairo. 

Khufu changed his mind twice during the construction, Perhaps the 
real secret of the Great Pyramid is that King Khufu wus a cJanslrophnbe 
and. after the building had begun, called in his architect and told him 
that the thought of all those tons of stone lying oil top of his final resting 
place gave him the creeps. 

In any due. Khufu made up his mind noi to be buried in the uvua | 
underground chamber of rock This chamber was therefore abandoned 
snd a large room, misleadingly called the "Queen’s Chamber" « 3S 
hmJt into the siniciurc. This Queen's Chamber had been roofed hut 
aot completely floored when Khufu decided to go higher yet Hence 
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work was stopped cm the Queen's Clumber and the architects changed 
Husk plans to allow lot j third and higher room, die so-called “King’* 
Chamber.' 1 

4* die cOTtstructitMi h id already risen above the kvd of ihv Quit ^n s 
Chamber, the passage to the new eh amber was partly bored through 
the existing masonry. Moreover, lesi an earthquake cause the King's 
Chamber to collapse, several small rooms, one above the other, were 
built into die structure above this chamber to reduce the weight on its 
roof. 

The passage from the outside of the pyramid first slopes downwards 
towards the underground chamber. Then this passage forks, one branch 
continuing down to the underground chamber and the other, the As- 
ccnding Corridor, doping up on to way to the Queen’s Chamber- This 
corridor forks in to turn. One branch runs horizontally to the Queen's 
Chamber, The other, still rising, opens out inio the Grand Gallery. Tito 
h 4 high, narrow p doping twine! in the form of a corbelled vault, lending 
to the vestibule of the King's Chamber. 

The corbelled arch and vault were used in Mesopotamia and in Eg) pi 
before the invention of the true arch and vault. Corbelling h laying 
courses or layers of steme or brick so that each course overhangs the 
one below When waits are corbelled out from two sides until they meet, 
a corbelled arch or vault results. Although a structure of this kind Ls 
neither so strong nor so roomy as a true arch or vault. H is easy to make 
and does not require: centering-that is, a wooden scaffolding, shaped 
to mulch the innci surface of the arch m vault, which holds up the 
stones oi brick * during cu ns l ruction. 

The corbel as one of the lour devices that builder have developed 
for holding up the roofs or upper stories of houses. The other three 
are the poshaueMinteL the arch-and-vauto and the truss. Each device 
is best carried out by certain building materials, lirick and stone are 
suitable for the corbel and the arcb-and-vault Stone and wood arc bulb 
suitable for the poai-and-lmtd Bui, for the tnn$, wood alone, of the 
materials the undents had. was satisfactory. 

Hence different pans of the world developed building styles best 
suited to the local material. In .indent times, these mate rials were mainly 
day, stone, and wtchL Nowadays, of course, with steel and reinforced 
concrete, we can build structures ihnr the men of old never dreamed oh 

Mesapeuamia, having plenty iff clay bus no stone or wood to speak of, 
early favored lb cmfetl and the aicll-and'VauJL Egypt, having stone and 
clay, and Greece and China, haring stone* day h and wood to chouse 
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from, long adhered to post-and-Iintcl construction. It remained for 
wood-rich I:urope to develop the truss. 

Around the base of the Great Pyramid was built tht usual Enclosure, 
with mortuary temples and a great stone causeway leading down to the 
Nile Herodotos, who saw these structures in gixni condition, deemed 
them as impressive as the Great Pyramid itself Now, however, they 
hare almost entirely disappeared. 

Herodotus also reported various stories told him by his guides. They 
said, for instance, that Khufu had prostituted his own daughter lo help 
TO pay for the Great Pyramid; that it took a hundred thousand laborers, 
working in threc-ittomh shifts, twenty years to build ihis pyramid; that 
KhuJu's sarcophagus lay on an island in an underground Jake beneath 
the pyramid, and that the hieroglyphics carved on ihe outer casing of 
the pyramid recorded the food consumed hy the workers. All of these 
stories were untrue. But the guides, like some of their descendants today, 
told whulever talc they thought would send the tourist away happy. 

When Khufu died, his attendants placed his mummy in a wooden 
coffin. They carried this coffin up the Ascending Corridor and the Grand 
Gallery to ihe King's Chamber. Here they put the coffin into a plain 
granite sarcophagus, which must have been installed during the building 
of the pyramid because it is a little too wide to go through the narrow 
passage to the King s Chamber, The sarcophagus had a heavy stone lid 
so made that when it was slid into place, stone bolts dropped into re- 
ccsscs in the trough and secured the ltd-it was hoped-foj all time 

On their way out, the workmen knocked loose some props in the 
vestibule of the King’s Chamber, allowing three hirer portcullis blocks 
to fall to the Itoor of the vestibule, blocking it Removal of more props 
tn The Grand Gallery allowed three greal granite plugs to slide from the 
Grand Gallery down into the Ascending Corridor, bWising it also. 


Khufu's son and successor Dcdefra began a pyramid at Abu Rraish 
five nufti north ot Khufu’s pyramid. Nothing hut us base remains. Per* 
died before the tomb wus built: or perhaps it was <fc- 
mohahrd in the course of a feud among Khufu's sons over the success bo 
Dcdefra was succeeded by Khaf ra .» probably another son of Khufu’ 
though the relationships of these curly kings are uncertain. At Grsu 
Khafra constructed the Sphinx. a colossal Ikm wjth Khafra’* own head 
cm ,ts shouders. partly carved from an outcrop and partly built up of 
limestone blocks. The rest of the outcrop was quarried away for pvra- 
mid stones so that the Sphinx lies in a depression formed by this quL 
A Muslim fanatic buttered oil the nose of the Sphtnx about MOO. 
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Besides the Sphin*. Klin Fr a built a pyramid slightly smaller than 
Khufti's. But it looks even taller than the Great Pyramid because it 
stands upon higher ground This pyramid has none of the complicated 
interior corridors and chambers of the Great Pyramid, only *s single un¬ 
derground burial chamber with passages leading to it. 

KhafraV successor Mcnkaura 11 * huili a much smaller pyramid on 
Pyramid Hill, Lind other kings continued the custom down io the Twelfth 
Dynasty, Amenembat III, 11 whose pyramid much ihe worse for wear, 
stands near HuwwfLra# built such tin e Inbora I e mortuary temple that, 
centuries later, Greek visitors called it the Labyrinth, after the under- 
ground maze supposedly made for the legendary Ring Minos of Crete 
by the engineer Daidalns. 

The ton Egyptian pyramids were bulls about —1600; some think the 
very last one was mud t by Ahmosc L 1 - By thb lime, about seventy 
pyramids dotted the land of Khern Most of the later ont> t however> 
were filled with rubble instead of good cur stone. Hence they eroded 
away to mere mounds alter subsequent builders stole their limestone 
facings. 

In -VIII, when the rule of Egypt was divided amongst a multitude 
of quarreling local toids, the kings of Kush conquered lhe Lmd of Khcm. 
Rush wus the Ethiopia of the Greeks, corresponding to the modern 
Sudan. Less than a century later, the Assyrians drove cut the Kushitcs. 
When troubles Lit home recalled Elic Assyrian armies, Egypt recovered 
its unity and independence- 

The Kushite kings, who copied Egyptian culture and custom*, had 
already imitated the custom of burying kings under pyramids. Back 
in the Sudan, they continued ro build small pyramids for themselves 
and their queens dear down to *r35fX when the Abyssinuinb overthrew 
the Kushiic kingdom, Remains of sixty-odd Kushitc pyramids still exist 
near she ancient Kushite capitals of Napata and Mere*. 

Robbers broke into all the Egyptian pyramids, despite the gr-initc 
plug?, false passage*, and other elaborate precautions of their builders. 
The Great Pyramid held out until the Caliph aLMa’mfln f +1X1 got 
past the granite pines by boring through the softer limes lone around 
them. Caring nought for relics uf the Days of Ignorance, as Muslims call 
the ages before Muhammad, lie smashed the ltd ol the sarcophagus 
and tore KhufiT* mummy to bits for the gold that decked it. However, 
some archeologists think this pyramid had been robbed hm% before, 
about -XX 111. and that ihc mummy thai fell victim to al-M^niikn'a 
greed was not KhufuX but that ef a later intruder- 
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The pyramid* have lone been n fertile source of pscudfM&deiitifk: 
speculation, Many people have made wild guesses about ihc purpose of 
these structures: that they were ostentatious displays of royal power, 
vaults wherein the sages of old stored their archives. Joseph's granaries 
againsi the seven Jean years, models uf Noah's arL asmmoitiical ob~ 
servatories, phallk symbol. Masonic halls, and standards of meas¬ 
urer menu 

These notions end all he easily disposed of. For in stance, the pas- 
sageri inside the pyramids were blocked up as soon as the kings were 
laid to rest within, so they could dot have been used for granaries, star¬ 
gazing. or Masonic meetings. Modern archeology agrees with Herodotos 
dsat these buildings were tombs pun: and simple. 

The modem p^cudiv-scieniifk cult of Pytunsidology began when Colo¬ 
nel Howard Vyse blasted his way into KhufiTs and Menkaura’s pyra¬ 
mids with gunpowder is the 1830s. From Vysc's measurements, the 
Lend™ publisher John Taylor and Lhe Scottish astronomer Charles 
Piazzi Smyth evolved ihe theory thai the Great Pyramid had been built 
by Noah. Mdchixedet or some mher Old Testament patriarch under 
divine guidance; and that ir incorporated in its structure such cosmic 
wisdom as the <ruc value of u «the ratio of the circumference of a circle 
to its diameter), (he mass and circumference of the earth, and the div- 
jMiee of the sun. The sarcophagus was supposed to be a standard of 
measurement, as if anyone hut a lunatic would lake as a volumetric 
siandard a vessel holding the awkward amount of a ton and a quarter 
of water and then shut it up in a man-made mountain so that jt could 
not he used. 

The measurements in the Grarsd Gallery were taken to prophesy the 
history of mankind. Smyth, a religious fanatic whose strongest passion 
wits to discredit Egyptian idolatry/ inferred from these measurements 
that a miracle, comparable to the Sccoml Coming of Christ or the Mil¬ 
lennium, would occur in 188L When no miracle Took pfacc in 1831. 
other Fy ram biologist* reshuffled the numbers to make other prcdktksns, 
which likewise failed to come true. The fast one was that the world 
would end in 1953. This nonsense can go on forever, because new 
Cubist minds arc always being bom. As engineering achievement^ the 
pyramid* are quite remarkable enough wiihoui heikckmg them with 
occult whimscys. 

S4jrne people think that the arrckml Egyptians must have used powered 
machinery like ours ew build the pyramids* or even that they called upon 
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occult powers whose secret has b cm lost. As the modem Egyptian poet 
Hafir Ibrahim put it: 

* 

For they had cram beyond our ken 
And sciences shat lesser men 
Lack *fT lo grasp; with dexterous hand 
To rich invent inn wed, they planned 
Fair idoh men might he forgiven 
For worshiping in hope of heaven - . . li 

Ffcfodotos b responsible for this picture of pyramids being built by 
modem construction machinery. He wrote: 

The pyramid whs built in step 4 -., hat tlemcut-wise fc as il ts called, ttf. according 
to otljers altar-wise. After laying ttte atones for the base, they raised the 
renulniivc srones to their places by mtnm of machines formed oi short 
wooden pijfiks, The first machine raised them from the ground tn the top of 
the first step. On this there was another machine* which received the stone 
upon its arrival, »nd conveyed it lo the second step h whence * third machine 
advanced at still higher* 14 

As nobody has found any mace in Egyptian art, architecture, or Utera¬ 
in re of anything like these wooden ho is Line machines, it is likely that 
they were merely ihe fantasy of some guide or priest, recounted to the 
cm teem Greek tourist in the hope of extracting an extra obolcw from 
him. When Hcrcsjdtos wrote, pyramids had not been built In Egypt for 
more than a thousand year}, and It b unlikely that his guides would 
have my dear idea of ihc engineering methods of their long-dead prede¬ 
cessors. 

But from various sources^-tool murks on sterna quarries with blocks 
half detached, ancient tools found in modem times, and tomb paintings 
thui show Egypt i Lins muling— we know much of how I he Egyptians 
built large constructions of stone. From these sources we learn dial the 
Egyptians of Khufu's time used very simple methods indeed. They lacked 
tongs and pulleys. They had no tools of any metal but copper. They 
made but little use of the wheel. 

It is not even certain whether they moved heavy stones on rollers. 
Later engineers used rollers—For instance, Domenico Fontana moved 
his ohdiak to St. Peter's by this mcan^ in 15S6. But an Egyptian picture 
from the end of the pyramid-building age f—XX ) shows t?2 men pull¬ 
ing the 6JMon statue of a nobleman 31 on a ded without rollers To 
make lire sled move more easily, a man poured u liquid-probably milk* 
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the fat content of which mulct's it a belie; lubricant than water—on the 
ground before iL 

The true secrets of the ancients' engineering: triumphs were three: 
first, the intensive and careful use of such simple instruments and de¬ 
vices as they had; second, unlimited manpower and ihe ability to or¬ 
ganize ;md command it; and lastly. tK> need for haste. The most impor¬ 
tant of these was the fast—the infinite patience they applied to their 
projects. TJie ancients w ere perfectly capable of duplicating many of our 
large modern public works, provided they did not require structural 
sted, but it would take them many more man-hours to Jo so. 

The early Egyptian structures that have survived .ire nearly all tombs 
and temples Although The Egyptian kings built handsome palaces, prac¬ 
tically nothing is left of these, because the palaces were made of mud 
brick while the temples and tombs were of stone. Ttom the Egyptians' 
point of view, this was logical. Since they root the afterlife seriously, 
they built palaces of brick, meant to last through their own lifetimes 
only; but tombs and temples were for eternity 

King Jossi was not the first to build in stone, his predecessor 
Khasekhemui had used stone for the inner part of hiv mast aba. loser 
made his step pyramid and mortuary temple compound of comparatively 
small pones, because the workers did not yet know how to handle larger 
ones. 

By Khufu's rime, techniques hud so improved that the crews could 
handle not only the 2 5-ton blocks of which most ol the pyramid w,n 
composed, bin also a number of granite dabs, weighing over 50 tons 
each, for roofing the chambers. By the time of Metikaum. they were 
building the kings mortuary temple of stones weighing ns much as 22U 
tons; by the time of Raineses It they were moving I .IXHMon statues. 


The pyramids and olhef Egyptian monuments were not, as is often 
thought, built by hordes of slaves Although Egypt was a land uf vast 
class differences, slavery in the strict sense never played much part in 
its history. 

For Thar matter, w hile slavery was found every where in the ancient 
world, the actual number or slaves at tiny one time and place wus small, 
save in certain exceptional cases. During the growth of an empire by 
rapid conquest, as in the case of Ihe Roman Empire in the Inst centuries 
of the Republic, many thousands of persons were enslaved by ihe con¬ 
quering armies. With this exception, such slaves as existed were mostly 
the house servants of rich men and officials. 

On the other bund, forced labor was common. It vos the standard 
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method or building loads, canals, temples, and other public works, be¬ 
cause tax-gal hering machinery was not yet effective enough to make the 
hiring of voluntary workers practical. Moreover, the inefficiency of 
forced labor bad nut yer been realized. About +I50 r King Rudrudaman 
of Uijain* in India,, proudly boasted in Att inscription that he had rebuilt 
and enlarged an important irrigation dam without resorting either to 
forced labor or to special taxation. 

Simple calculations show that Herodoios* tale of the building of the 
Great Pyramid by 100,000 men working for twenty yuars^-two million 
man-years of Jabor-ns much exaggerated. Even with the simple methods 
of the times, the pyramid could have been by ill with a fraction of that 
labor* 

Probably there was .1 small perm:mem staff of skilled workmen. A 
set of barracks of rough stone and dried mud. whose ruins were found 
near Khafra's pyramid, may have housed thb permanent stall 1 He bar¬ 
racks are thought to have held about 4.000 men. 

In addition., the Ling conscripted tens of thousands of peasants to 
help with the heavy work during the season of the annual flood of the 
Nile* when these farmers would otherwise have been idle, ft was forced 
labor, bur ihc laborers were conscripts, not slaves. They were probably 
paid in food, because money did not yet exist. They were 0 ream zed tn 
gangs with such heartening name* ns "Vigorous Gang" and S| Enduring 
Gang," The kings also freely pressed ihdr soldiers into service for work 
on such monuments. 

While it is not likely that the workers were constantly I ashed with 
whips, as the slaves of legend are supposed to have been, we need not 
think ill q 1 building such a monument was all sweetness and light, eilher, 
Egyptian tomb pointings show the foremen of gangs as carrying yard- 
long timber rods, and these were probably nof mere symbols of office. 
An occasional whack with a stick has been a customary* purz of Homing 
3 gang at Egyptian workers, slave or free, ironi ancient times almost to 
the present day. The architect Nekhebu, in boasting on his tomb of his 
many virtues and kindnesses, mentions the fact that be never struck a 
workman hard enough lu knock hi m down. 

With forced labor, such methods are to be expected, because the con¬ 
scripted worker* like the slave, has nothing much to gain by working 
hard. He therefore does as little as he possibly can. It h no use to 
threaten him with dismissal, because he would Hke nothing better. 

It h^s been suggested that the pyramid workers labored willingly, 
deeming it their pious duty to preserve the body of their grahksng and 
perhaps believing tbar such preserved ejii helped the masses in some magi- 
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ca3 way. Considering the amount iff voluntary wort dtine on cathedrals 
tn medieval Europe us a pious duty, such hd .tit nude is not impossible, 
at least among some of the workers. But there is no vary to settle the 
question by interviewing Khula’s subjects to see what they thought. 

Most of the stone for the pyramids, cut Iron: local outcrops, could 
be dragged directly to the sire on sleds, Fine limestone from Troyu had 
to be rafted across the Nile. Granite for the linings of chambers came 
from Swe net f modern Aswan ) and were floated on barges down the 
Nile. For pyramids built on low ground, the king^ had caiuill due from 
the Nile partway to the pyramid, so that the stones could be brought 
near the sin? hcfoie being dragged overland. „ 

The Egyptians had various methods of quarrying. One was to cut 
notches in the rock along the line of fracture, drive wooden wedges into 
these notches, and wet the wedges When the wood swelled, the block 
split citi. Another method was to drive copper wedges between thin cop¬ 
per feathers on the sides of llie notches. 

Still another way was to have a crew pound at the rock with balls of 
hard stone fdiuritci held in both hands until they had bashed out a 
trench all around the stone to be detached, A modem experiment lias 
shown that pounding granite with a similar bait, on an area a little o'er 
a square fool, lowers the level of the stone at a rate of one-Ilf<h of an 
inch an hour. This laborious method seems to have been used for lung 
pieces of granite, such as obelisks, perhaps because it created less risk 
o! cracking ihe stone than the wedging methods. 

The -tones were moved by the lavish use of levers and ramps, first to 
get ihe stones on their sleds. then to bring the sleds iu the sites where 
the stones were ro he set. The Egyptians made enormous ropes of palm 
fiber or reed. If. as a tomb painiine indicates, 172 men could move 3 
60-ton statue, 8 men should have been able to move an ordinary 
2.5-ton pyramid block, at least on the level. Sometimes oxen were used 
instead of men. 

W hifc some men were quarrying the stones for a pyramid, others were 
clearing and feeding ihe site of the tomb. The sides of the base were 
measured off with cords to form u square. There were several possible 
ways in check the tnieness of the square, such as measuring the diag¬ 
onal*. For leveling, a bug narrow trough of clay, into which" ' water wav 
poured, served just as well as a modem spirit level. 

It is not known for sure how the Egyptians found the true north so ac¬ 
curately. The star nearest the north celestial pole in Khufu s lime was 
Alpha Dratonis, and -E.it may not have been close enough to be verv 
helpful" While it is possible to mark the directions of the sun's rising 
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ami setting and bisect the angle between these directions, the sun is too 

huge xn object to sight on accurately. 

A likdio method is to build an artificial borizcm-lhftt is, a circular 
wall. high enough so that a person seated in the cenler cannoi see any 
earthly objects over the top of the wdL The seated observer* with hts 
liead at the center of the circle, watches a star rise and directs another 
surveyor lu mark the place on the wall where the star appeared When 
the star m:U. lie cruises another mark to be made. 

By lowering a plumb bob from the marks on the walL the places at 
the foot of the wall inside. And directly bektw the mark* are found 
Lines are drawn to the center of ihc circle. By bisecting the angle be¬ 
tween these lines with cords and markings, the true north is found The 
surveyors probably made a number of tries to be sure of gening the 
correct direction. 

in building a pyramid, the rtuno were sledded to the rite, Leered oH 
their dcds T and shoved into place wiih mudi pry ing and grunting Prob¬ 
ably the majoitt spread a layer of ihin mortar or mud on ihc rock over 
which the stone was to be slid to make the job easier. 

As i he pyramid rose* the bud dm raised an earthen mound on all 
sides Of il r w ilh one or more long ramps for hauling up the stones Re¬ 
mains of such ramps have been found near some of the py ramids imd 
other monuments. As each course was laid, the mound and the rump 
were r&Lcd to another level. When the job was done ami the trflded 
capstone had been set in place, all this vast muss of earth had to be 
h;tided away. 

Tin: core stones of common limesianc went only- roughly fitted to¬ 
gether. but the fine limestone bhjdcs of the casing were filled so care¬ 
fully that u knife blade could hardly be thrust between them The joints 
between adjacent blocks arc all more or less askew* which implies that 
each row of casing stones was lined up on the ground and I rimmed to 
fit mt another before being hauled up the ramp and pinched into place. 
And PMh help the Foreman who tried to infill Block Number 6 where 
Number 5 was supposed to go! 

Lastly* during die removal of the mound and the ramp, masons 
smrcding no the mound trimmed away my irregularities left in the facing 
of each side. 

Ancient and modem critics alike have berated the kings of Egypt for 
spend me the kingdom's wealth and their subjects’ labor on inch useless 
monument Or course, the kings who built the pyramids did not regard 
them as useless, but as a sure means of gaining a pleasant and eveiiast- 
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ing afterlife. A* things turned out, the pyramids were not oil wasted 
effort, In building (hem, Egyptian engineers learned much about quar¬ 
rying. shaping, and moving heavy stones. This knowledge became a part 
of the world's general fund iff technological wisdom. 

Egypt w as a fLind of vast social distances between nobk and com¬ 
moner. between king and subject, fl seas a land of rigid class lines not 
easily crossed. St ill. engineers succeeded in crossing them, because en¬ 
gineering ability is not a common gift. The architect Nefehebu (—XXVI) 
told on his tomb the > t o ry of hr-, rise from humble begin runes: 

Hh Majesty found me a common builder: and fbs Majesty centered upon 
me the offices of Inspector of Builders, then Overseer of Builders, and Kuptr- 
inicndent of a Guild. And His Majesty conferred upon me the offices of 
Kings Architect and Builder, then Royal Architect and Builder under the 
King’s Supervision And Hr* Mnjest) conferred upon me the cilices of Sole 
Companion, Kings Architect and Builder in the Two Houses. 17 

Nckhchu goes on to boast Of how he built monuary chapels for King 
Pept I. dug two canals, and executed other royal commissions For these 
labor;, the king conferred additional titles upon him and rewarded him 
with gold, bread, and beer. 

When Third Dynasty Lings First began to build structure^ in stone, 
they proceeded wilh a kind of nervous caution. To be -in the safe side, 
they adhered to archil central forms as much as possible like the earlier 
forms of brick, wood, and other materials. 

Joker's pyramid and the other buildings eff its temple compound are 
full of such imitations. Stone walls arc carved to loot like reed malting; 
a stone roof is carved on the underside to resemble a roof of rounded 
logs. 

Columns imitate supporting members gathered from the plan! world. 
They mimic the palm tranks, the bundle* of reeds and saplings, the 
papyrus stems-.singly and in bunchcs-with which Egyptians had been 
holding up their flimsy dwellings. The ribbing of columns indicates 
bunches of slender stems lashed together. Foliage of the appropriate kind 
is carved In scone at the tops of the columns. 

After all, such slavish imitation of plant forms might not make any 
difference in lk siretigth of the column. But then again it might, and 
win lake chances? Stress analysis was undreamed of, and no architect 
wanted his temple to collapse because he had dared to break away from 
known shapes. 
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By ibe time of King Khafra, architect* no longer thought that a stone 
supporting member had to look like a tree trunk. Khnfra had lbs so- 
cailed “valley temple" near the Sphinx built with plain square columns, 
as starkly functional as anything in modern architecture. 

Not long after Khafra’s time, the architects also began to nuikc the 
tops OI their columns in the forms of lotus blossoms-(hut is, water 
lilies, rhis is certainly no Imitation '.if any real wooden column, because 
the stem of a water % has no more structural strength than a piece of 
spaghetti Therefore, ihrse loins capitals must have been used for reli¬ 
gious or artistic reasons. 

WiihaL the habit of carving imitation tree trunks in stone to hold up 
the roofs of public buildings persisted. The familiar three orders of clas¬ 
sical Greek temple columns-Doric, Ionic, and Coriiuhcut-probably 
evolved from Egyptian temple columns with their lotus, papyrus, and 
date-palm capitals. In other parts of the world, the capitals of columns 
were derived from other plant and animal forms. lust tcmember, next 
time you pass a bank wilh conventional Greek columns before it, that 
you art beholding an Imitation in concrete of an imitation in stone of a 
simple wooden log 

After Ahmose I, the kings of Egypt ceased to make artificial moun¬ 
tains for sepulchers Perhaps costs of construction rose, as they seem 
tn have been doing from that day to this. Perhaps (he liberalization of 
Egyptnur religious doctrines, which at Usi allowed common men to hope 
for immortality without benefit of pyramids, had an effect. 

In any cue, the subsequent kings drove tunnels into real mountains, 
mostly on the west bank of the Nile opposite the city of Opet ( the 
Egypimn Thebes of ihc Check, and the modern Luxor}, which was the 
capital of the New Empire. Although these Pharaohs tried to bide their 
tfmibv grave robbers gained access to all but one: that of the hoy-king 
liitankhamnn f-XlV), The entrance to this tomb was covered by 
debris thrown out in digging ihe tomb of the later Rumescs V! (-XU); 
and thus ir was buried, forgotten, and saved for posterity. 

Relieved of ihe staggering costs of py ramids, the kings put more of 
their wealth into temples and monuments, like ihe obelisks Obelisks 
were monuments to the sun god Amon-Ra, in the form of a tall taperiHE 
shall of Aswan granite, surmounted by a py ram idiot) f little pyramid) 
originally plated wnb metal^oppcr. gold, or eleetrum-to reflect 'ihe r (! vs 
of Ihe divine tun On these shafts the kings usually included, beside ihe 
dedicatory inscription. boasts of their own virtue:, and feu is 90-foou;r 
si ill lies in the quarry ai Aswan where ti was abandoned alter flaws 
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appeared in the rock. To raft the oWfab down the Nile, Egyptian rulers 
buDi 200-foot bargee the largest shlp^ that ihc world hat! yet wen. 

At one tiin? wen) sccwc of these monuments dotted the land of 
Kheiti + hut only five remain. Some were felled and broken by earthquakes 
or settling. Many were carried off by Roman emperor* to decorate Rome 
and Constantinople. 

Other* were given away to foreigners by the iimeteenih-eeniury rulers 
of Egypt, especially Mehmet Ali the critfiy and energetic Albanian 
tyrant Mchmci ASS eared nothing for monuments and everything for 
money and power Ha vine denioiisheiE several ancieni lemplps to moke 
factories of the stones, be promised to take the Great Pyramid apart for 
its stone and was only dissuaded when told that rt would be more effi¬ 
cient to use a quarry nearer Cuira As a mutt of the Albanian s open- 
handedness with the relics of the Days of Ignorance, Paris, London* - 
and New York have one obelisk apiece- 

The largest obdisfc of ancient Egypt was the 105-footer made by 
Thothines III (—XVI now at the Church of San Giovanni in Lutemno 
in Rome. The largest still standing in Egypt b one of four erected far 
ihc famous Queen HalsbcpfinL thr aunt ol Thothmes III, by her archi¬ 
tect and f a sprite Semmit 

h is likely that Senium was mimed Royal Architect bee a use lie was 
Hutshepsui's favorite, not that be became her favorite because he was 
such j good arehilcclr Ju lowering Ha^hcpsufs ■surviving obdisk init> 
place, Senmufi crew missed the groove along the upper edge of one 
Aide of ihe pedestal Such a groove wa* cut in all obelisk plinths to in¬ 
sure that the monument should :-enlc into place square!v centered on 
the pedestal K As a result of Senmut 1 * blunder, this obdbk b several 
inches off-center and slightly askew. Poor Scnmut was probably liqui- 
dated. ctkjng wilh tJatsbcp5tU*s oilier supporter*, w!*en Tholbrtie* 111 
took the throne and tried to obliterate the memory ot his hated aunt 
by chiseling her name off all her monuments* 

For moving these shafts, the Egyptians used met hod.* like those em¬ 
ployed in moving pyramid blocks To erect an obelisk, they probably 
hauled it up an earthen ramp jml dug the earth away under the buit 
tintil the obelisk had tipped up to on angle of about 45*. When the low- 
emt edge was seated in lire groove along the upper edge ot the pedestal, 
the> hauled the obelisk upright with ropes and shear legs, 1 * We can 
Imagine iheir laking many precautions with guy ropes,. braces, and 
cushiony of brushwood to make sure that the stone did not gel away 
from them. 
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In \96l tfie ardieologkt watched an Egyptian crew crec( an 

obelkk of Raineses IJ ip a park in the Gezifa ("Island''! of Cairo by 
much the saint method*, except ihiil two modern ted winches twk the 
pLiee of ■the huge gangs of men who had erected the monolith in its 
original setting in the great lempic at Tams 1 ' Millet adds: "I went off 
home in the snug glow ihut affects every self-respecting arehnenEogtst 
when he sees a survival of Lhc past holding its own in the present. It 
proves what be has always secretly bclicved-that they did things better 
in those ancient days." 1 " 

Similar methods were probably used by the primitive Britons at about 
the time of Thoihmcs [II in selling up the circle of upright twvniy-sig- 
ton stones for their outdoor temple at Stonehenge, in prehistoric limes, 
thousands of similar stones were also set up in Jong parallel row* near 
Carnjc. in Brittany. 


Of the iatc-r Egyptian temples, the most impressive is that of Amoti of 
Opct. usually called after the modern village of Kumuk. Parts of it go 
back as far as —2000, Some of the early buildings were demolished to 
make roam for grander structures, whereas others were allowed to stand 
while later buildings rose around them. In the course of the centuries, 
the temple acquired the form of a long rectangle, about 400 bv 1,200 
feet. 

However, the symmetry of this rectangle was spoiled by kings who 
haphazardly added more buildings and monuments, until the vast 
temenos became a chaos of walls, columns, pylons, courts, temples, 
statues, obelisks, and shrines. Small detached temples stood here and 
theft outside the main mass or inside the courts of the larger temples 
The walls were covered with painted reliefs, showing the kings dispatch- 
ing their foes and adoring \hc\t g<xte_ 

The most impressive part of the Temple of Amon is the Hypcsrvle 
Hull built by Reeses II t-XIH). Ramoses was one of the ablest, most 
aggressive, and most seif-conceited of all the kinits-ncarlv 300 of them 
~ whp ruled the land of Khem before the Persians came. He had a mania 
tor Statue* pf him*df, ihe bieger ihe belter. After his [inie, Egypt u:ts 
dotted with colossi displaying idealized Versions of Raineses’ lanky form 
and Large hooked nose. 

One colossus, dug tip near Saqqira. now ttruids in from of the railroad 
elation in Cairo. Remains of another, fallen and broken into three pieces 
at Ram*«‘ mortuary tempk in ibe City of the Dead, across the N,l c 
from Opct, Inspired SheUcy’s Ofymandlas. 
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I met ii iraveJIcr from an antique JamJ 
Who said: Two vas* arid trunfcleiv legs of stone 
Stand in the devni , . , Near them, on the sanet, 

Hull sunk, a ^haltered vivagsr Ha, whose frown 
And wrinkled lip, and sneer of cold command. 

Tell iti.ii Lts sculptor well those passions read 
Which yet survive, stamped on these lifeless things. 

The hand thm mocked them, and the heart that fed: 

And on rhe pedestal these words appear: 
a Vfy name h Gzymnndias, king of kings: 

Look on my works, ye Mighty, and despnirf 
Nothing beside remains, Round the decay 
Of lhai colossal wreck, boundless and hare 
The tone and level sands stretch far twjiy. 511 

The fact ilint the real Ramesstum and its fallen enfolds do nor an¬ 
swer at call well to Shelley's descript Ion does not define I from the beauty 
of the poem, which across the gulfs of lime and space has awakened in 
the minds of millions a sense of the mighty stream of human history. 

The most astonishing feature ol the Hyposlyle Hall is the forest of 134 
immense columns. Qi these, the columns of the two central rows, twelve 
in all. arc 69 fees tall and almost 12 feet in diameter They are topped 
by I I-foot foliage capitals. The remaining 122 columns are smaller. All 
arc curved with reliefs and inscriptions. Whereas mnsl ancient columns 
weie built up of drums—cylindrical stones fitting one above the other— 
the columns of the Hypostvle Hall are made of half-drums, as whole 
drums would have been so large as to be awkward to handle. 

Although (he Hypustyic Hall is one of the world's most celebrated 
buthlirigs, a closer look shows if to he more an expression of Raineses* 
megalomania than a worthy house for the gods. The construction h 
gfancnffiky. The columns had no foundations other than pavements of 
small slones. As o result, when the Nile rose to record heights m 1899, 
eleven columns fell over. Since then the archeologists have rc>cr ihcm : 
secured them, and erected a concrete roof over (henv. But the column 
are so massive that a wondiipcr within could see practically nothing at 
what was giving on at rhe far end of the tempfe. 

Although to our skeptical age it might seem that the Egyptians de¬ 
voted undue effort to tombs- and temples, Egyptian engineers also worked 
at more mundane projects, A bas-relief on an umamcnU stone mace 
shows ;m early king, known ottlv at “Scorpion/' grasping a hoe at he 
ofGciaies at a canal-digging ceremony. 
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Fronii Scorpion’s time on, the construct ton of canals was a major 
concern of the Pharaoh* and tJicir servant*. Among the Srst duties or :t 
provincial governor were the digging ami repair of canals. These ciina's 
wete toed to flood large tracts of the country during the Nile s high water, 
whii.h occurs in the autumn us a result of summer rains in the lands to 
the south of Egypt. 

liie hind to be flooded was cut up by dykes into a checkerboard 
paitern of small basins. When the basins were full, the dykes were closed 1 
up and the water was kepi standing until, perhaps a month later, the 
pound was thoroughly soaked. Then the surplus water was drained ofi 
into iht canals. 

Although the Nile is the world’s most reliable river, an excessively 
high or Tow rise of the Nile spelled disaster If the river dtd not rise high 
enough, it faded to flood the insets laid out for that purpose, and no 
crops gre'A. If it rove toe high, it washed away the dvkes and nearby 
Villages, drowning thousands. 

Vi here tie Ids were nut tow enough to be flooded directly, the peasants 
drew water from ihe canals and from the Nik by means of ihe swape or 
thmltif. The swnpe consisted of a bucket on the end of lt cord, which 
hung from the long end of 3 pivoted boom, counlciucigltled at the short 
end Such swapes, mostly of wry rough construction, are still used in 
Egypt The posts bearing tin- axle on which the boom is pivoted arc 
made of dried mud. The boom is a tree mink with the branches lopped 
and the counterweigh I is another mass of mud. A farmer in such 3 rain- 
less tend may spend up to half his working time irrigating his little plot. 

(-iinul building continued down the centuries, Scnuyerl m f—XXJ t 
was such u vigorous canal builder that he became known a* “tltc kin* 
who built the canals,” and later storytellers ascribed to this one king the 
deeds of many At length he became die legendary "Sesoslris" of the 
Greek historians, whose mythical deeds included dmmning the Fayyflm 
depression west of the Nik und conquering the whole civilized world 

The Egyptians did in truth know tow to build dams At sonic iime- 
perliaps as far back as King KhufnV itign-ihcy built one in the Wadi 
Garawi. twenty mites southeast of ( aim. to store water for the use of 
workers In the nearby quarries I to dam is of rough Iliasonr , 33 fc „, 
hieti between 200 and 3*0 feet long, and between ISO .-md 270 l«t 
.tuck. Latcr-pcrhaps atom -1300-Egyptian engineers threw a much 
brget siohc dam across the Orontcs River in Syria This dam. a mile and 
a quarter long, created the Lake of Homs. Ukc and dam arc both still 
there and still m use for local Irrigation, 

As a tauh of Egyptian canal budding, Herodotus noted: 
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. _ . where r* U-T^pt had IottdctI) been u region stilted for tionMS and car- 
riiicizv henceforth ii became entirely unfi! tor cither Though flai country 
lh touching "ct^ whole extern, it is now unfit for either horse or carriage, being 
cue up by the Canute which are csircrnely immcraus yfid run m all directionv. Ji 

Ti\h is an exaggeration: the many Egyptian pictures of chariots and 
the remains of the chariots themselves show that Then? were always some 
faith giMHj roads. Borrowing the idea of the chariot from Mesopotamia* 
Egyptian warnw rights developed a light. opcowo* chariot ol refuted 
design for sport and war. 

The moM far-sighted of aB ihc canal projects, bmvc ut, was begun 
by Nikati IP about —bOO. This was a ship canal to connect the Red Sea 
with the Mediterranean. Bui it did not run north and south through the 
Serbomau Swamp* between Egypt and Sinai, as does the present Suez 
Canal, 

Instead. NikaiTs canal on east and west* from the easternmost branch 
of the Nile focai modern Zagazigj to Take Timsih, the mid-point of 
the present Sum* CanuL Thence it turned south and followed more or 
Jes* ihe course of the Suei Canal skirting The Bitter Lakes to ihc head 
of the Red Sea* 

Niknu gave up the project, we are told* when an oracle warned him 
thaj he was laboring for the benefit of "the foreigner.* 1 Three-quarter* 
of a century later the foreigner arrived, under the standards of the 
conquering army of Cambyses 5 * the Persian. After the conquest of 
E^ypl. the great Darius I s4 completed the carpJL 

Fmm then on the canal was ultcnuiirly open and closed. a$ careless 
rulers let it fill up with sand and energetic ones dredged it cun a^ln. 
Piolemaios El (—III) not only restored it but added some son of lock 
or water gale. The Roman emperor Trajan restored it again; so did the 
Arab general "Amt ibn-aPAs, who conquered Egypt in the *6^ 

fn -hVJIT however, the canal went out of use for good. At ihis time, 
disorderly Arab rufe .id lowed the whole Egyptian canal system lo fall 
into disrepair, wiih ihc result that the teeming popiihu™ of Egypt was 
halved by 5 larval ion. Communication between tile Mediterranean and 
?hc Red Sea was hot reopened until the completion nf ihc Suez Canal tn 
tS69. [be occasion being marked with bands, fireworks, the Empress 
Eugenic, and the maiden performance of Verdin A t da. 

So ends I he story of engineering in the days of independent iincknt 
Egypt, lo learn more about ihc great public work^ of .indent limes, we 
must Turrs m that other great waterdud culture, the civilization of Ml k - 
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opotiimin. For, if the Egyptians surpassed all other pre-classical peoples 
b the art of building in stone, the Mesoptjt ami nits excelled in min y 
Other aspects of civilization. We derive much more of our science, rtl L 
commerce from ancient [rat] than from Egvpt; unt) in engineer¬ 
ing, too, the ancient Mesoporuimans were second it* none. 


THE MESOPOTAMIAN 

ENGINEERS 



THREE 


Save in the extreme north. Iraq i* an enormous flat plain, fading 
off into the Arabian deserts. It is barren and desolate except where 
brigiitkin brings in the waters of the Tigris and Euphrates rrvw, which 
wander placidly over its level surface. The Greeks called this land Mes¬ 
opotamia- b thc land between the rivers** 

So vital k irrrgaijoii to Me^pominki that an ancient Babylonian 
curse Wits: lL May your canal be filled with sand!" 1 Many of the ancient 
laws dealt with canals and water tights* like this one liocn about —VI: 

The gentleman who opened hi* wall for irrigation purpose hat did no< make 
hi* dyke strong and hence caused a flood and inundated a Held adjoining His, 
shall give grain to the owner of the field on the basis of those adjoining.^ 

The great Khammumbh called the Low-giver, who lived about -1700* 
wns constantly wriling his governors about the repair cf canals: 

Onto Governor Sid-iddinam sav: Thu* >a]ih KhammurabE Thou ah^ti call 
out the men who hold lands along the bank* of ibc DaminunKana] that Ihcy 
may clear out die fXi man urn-canal Within fht prevent month thal) they com¬ 
plete the work * * +* 

Khamnwnxbi abo let ihe thirty-third year of his reign be known ns 
the year in which he ‘Tcdug the tonal called ‘Kh-immunibi-spclls- 
abuudance-for-the-pccipk, the &elovednaf-Anu-and-Enlil/ thus be pro- 
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vided Nippur. Eridu, IT. Larsi, Uruk, and h\n with a jxrmancat ami 
plentiful water supply . . /*• after these cities had been threatened with 
destruction by the diving up of the Eupiuulcs. 

Tn southern Mesopotamia, at the beginning cl recorded history, the 
Sumerian*-* people of unknown origin—built the city w alls and temples 
and dug the canals that comprised the world’s first engineering works. 
Here, lor over two thousand years, little city-states bickered .utU fought 
over water rights. 

The Sumerian element in the population was gradually swamped be¬ 
neath a tide of Arabian nomads, who drifted in from the desert to take 
up the lives of farmers and city dwellers. The Semitic Akkadian tongue 
replaced Sumerian and spread all over the Near East as a trade language. 
Lugalannemundu of Sumer. Saigon of Akkad, Ur-Eneur of Ur, Kham- 
murabi of Babylon, Gandash the Kasittc. and Nebuchadrezzar 1 of 
Baby lon founded short-lived empires until l he Assyrians overcame them 
all (-XJI). 

Before the rise of cities, the Sumerians lived in round huts built by 
the stud-and-mud or wattlc-and-daub method. A number ol slender rods 
-caws, saplings, or withes—were stuck in the ground in a circle. These 
were then plastered over with clay or mud to form a walk Similar houses 
were built in Egypt and are still made in Iraq today. 

When cities arose and wealth accumulated, city-dwellers changed 
from there circular huts to rectangular houses of brick The brick .of 
clay mired with chopped straw, came in many sizes and shapes for dif¬ 
ferent uses. Asphalt from the natural oil wells of Id’ was often used for 
mortar. A house might be white washed or, if pretentious enough, might 
be coated with plaster. 

Instead of hinges like ours, the door had a pair of vertical pins at the 
hinge comers. The bottom pin rested in a stone door socket, usually the 
only piece of stone in the house. The upper pin was held in place by a 
strap, and the door frame was painted red to scare sway demons. Win¬ 
dows were often barred by a grille or shutter of brick. 

^ "*** w ^ rc of palm logs bid in a row from wall 

to wall. Over the logs was spread a layer of palm fronds and. over 
that, a Layer of earth, rolled fiat with a stone roller. After every rain 
the Mesopotamians climbed up to their flat roofs to ro-rojl ihem. as 
ysme still do today, Many householders even raised vegetable gn rrf rm 
in the esrtb of their roofs. 

Some houses had, over otic or more rooms, roofs m the form of 
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corbelled dafncs. These dame*, like duster* at magnified beehives. arc 
still seen in Syrian ■pillages. 

As houses grew larger, they rook on the shape ihnf. ever since has 
been popular in southwestern Asia and she Mediterranean region. The 
room- formed a hollow mtinre; the doors and windows faced the open 
conn: or garden in she middle of the square. The Litrger homes often 
had two storks, the upper one being of flimsy mud-and^ced construe- 
turn for lightness. The outside of the house, except for the front door, 
presented a hi ant brick wall xa the outer world. 

There were several reasons for (his outside-in cottstmction. One was 
the intense summer heat of the region. A teamed man who went cast 
with Alexander the Great wrote that at Susa, 11 "when the sun is hottest, 
at noon, the lizards and snakes could not cross the streets in the city 
" quickly enough to prevent the it being burnt to death to the middle of 
the streets” and "bailey spread out in the sun bounces like parched bar¬ 
ley in ovens,^ The hollow square allowed the house owner to sit out¬ 
doors in the shade at all time* of day. 

Moreover, such a house was less vulnerable to burglary than one with 
windows opening to the outside. 

Finally, a blank wall shielded the householder from the eager eyes of 
mx gatherers and other royal agents. Some men living under a despotism 
inniia ri-d to e^-i rich, even though they were not members of the govern¬ 
mental Apparatus. Such men-merchants for example—were careful to 
hide ihdr wealth from the despot's agents, lest they he beggared by sad- 
Jen tax claims or slain on some trumped-up charge to give the autocrat 
un excuse for talcing nil. An Iranian proverb expressed it: "If you are 
being fattened by someone, you may expect very quickly to be ‘ilmgh* 
tered by him/** 

Because of the scarcity ©f fuel in Mesopotamia, kiln-dried bricks were 
rarely used in private houses. As a result* the householder was kept 
busy during the winter (ty ing to patch up his house as fast as the rains 
dissolved it away, When, once in a generation, the tusk became hopeless, 
he hroughl out his movables, knocked down the walls, leveled and 
smoothed off the debris to male a new floor* and built another house 
cm the ruins of the old. 

As the early cities of the indent watershed kingdom* bad neither 
sewer^ garbage disposal* nor trash collection, rubbish accumulated md 
constamly raised the level of the streets. Oidcf houses could be distin¬ 
guished! by ihe fact that their entrances were fcdow street level 

This was particularly true of temples Most large icrnplcs stood m a 
sacred precinct, the tcmcooi r *urrtnmtkd by u wail. Because die temple 
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was more substantially built than private houses, it lasted longer. Also, 
as the temcnos was holy, il was kept free oi rubbish, so that the level 
of its grounds did not rise with that of the street ouislde. In time a 
temple and its tndusure might be almost buried from sight os the street 
levels rose around them. 

Thus cities originally built on the plain slowly rose on hills of their 
own debris. Today Iraq H dotted with these hills or idls,* scores of 
which still awu« the picks, shovels, and whisk brooms of archeologists. 

When men first began to build large numbers of bouses dose together, 
two methods of arranging them grew up. If a city grew out of a village, 
the dwellers were likely to continue to let everybody put his house where 
he pleased. 

The result was a city laid out like the oldest parts of Paris or Boston 
today Narrow, winding alleys, hardly wide enough for two men to pass 
and unusable by large bens is of burden or vehicles, ran every which 
way. This was cki great fault in a village, where too few people were 
abroad at any one rime to constitute a traffic problem. 

But, as the population grew, traffic congestion grew faster Hence the 
ancient metropolis were forced, like modem cities, to regulate t ruffle. 
The winding-alley village layout also aggravated the problems of waste 
disposal, fire protection, Lind law enforcement ns the city wased larger, 

So when, as sometimes happened, a group of people came to 3 
likely place and said. "f.e! us build a city here." their leaders often had 
the wit to plan the city from the start. They laid it out with straight 
streets, sonic of them wide avenues, in a regular pattern. They kept at 
Jeavt one urea dear of buildings for a marketplace, and reserved another 
space fnr temples and palaces. 

The usual paltcrn was a gridiron or checkerboard with streets eras¬ 
ing at right angles. The dries of the Indus Valiev showed this plan as 
did some Mesopotamian and Egyptian cities. Peoples mU ch given to 
sending out colonics, such as die Phoenician*, the Greeks, nnd the Ro¬ 
mans. had many occasions for laying out cities is this manner. 

A ceremony marked the founding of a city The bead man traced out 
ihc line of the wait often fry plowing a fumrw with gaps for ibe gales. 
This line then became invested with magical properties. 

The simple gridiron plan is not always the best possible, according to 
modern eiiy planners, who like to include a few diagonal streets to tarty 
heavy trunk and a winding layout for residential sections. Bui ihe gridi- 
fon was the best that ancient city planners could envisage. 

In beating a city, ancient town planner* were often tom between two 
Choices: to put the city at the bottom of a valley for nearness to water, 
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nr to place it on :i hifliop to make it easy to defend Use choice de¬ 
pended upon the like it hood of attack. 

The survival of the hilltop city or fortress depended on getting water 
when besieged. Stunt cities wived the problem thus: When a spring 
flowed from the hill bckjw the walls, the builders drove an inclined tun¬ 
nel from inside the walls down through the rock to the spring, which 
they then walled in so that it could he approached only by this tunnel. 
Sometimes another runnel carried ihe water inwards, under the fortified 
place, where it filled an underground cistern. 

The kings of Mycenae in Greece, reigning at the time of the legendary 
Trojan War < — X1 !) nxik ibis precaution, So did the Jebuaites, who 
lived in Jerusalem before the Israelites captured it. The Jcbusilcs rnn a 
lunncl from the spring of Gihon, southeast of the city, to a natural cive 
beneath the city. Then they excavated a 40-foot vertical shaft from this 
cave up to the surface, so that women could lower ihcir vessels from 
the surface down to the reservoir thus created. 

When David attacked Jerusalem fit bout -1000) the warrior Jnab 
led s party of Israelites up the shaft, captured the city, and thus made 
himself David’s commander in chief. About 300 years later. King 
Hezekbih or Judah blocked of! the Jcbusirc tunnels and made a tunnel 
of his own, leading to the Pool of Siloant at the southern end of the Val¬ 
ley of Cheesemongers, An inscribed tablet marked the place where the 
two tunneling gangs, starting from points a third ol a mik apart and 
boring from opposite directions, met 

The two grc.il Mesopotamian rivets meander southeastward across 
the Euphralean plain, approaching to within twenty miles of each other 
near Hush dad. Then they diverge for another 300 mites- At last they 
join and flow together for fifty mites into the Persian Gulf. According to 
one theory (with which not all students agree) this gulf in ancient times 
extended farther to the northwest than it now docs, and the rivers en¬ 
tered it separately. Silt from these riven* has since filled up the head of 
l lie gulf. 

Both rivers, like the Mississippi and other large flood-plain streams, 
have changed thch course* many limes, often leaving prosperous cities 
ittu ruled. to decay and die in the midst of a desert In the upper port 
of its course, where the slope !■> sleep sind the current swift, a river picks 
up silt from the bottom. Then farther down, as the fiver nears tlw sea, 
its stupe becomes gentler and its current slower, so that it drops the sift 
it carried- Therefore the bo I tom in this part builds up higher and higher. 

In lime, during ihc hrgh-watcr season, the river overflows its bunks. 
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Sometimes it make* a tvhtiU ni -, i channel in some other pan of ihc lltnxJ 
plain. Because tried try to keep the river in one place by building up the 
banks with levees, the river rises halter and higher above the surround¬ 
ing country, and a flood is more destructive when it docs come. 

Flood problems were more acute in Mesopotamia than in Egypt. For 
one tiling, ihe T igris and Euphrates curry about five limes as much silt 
for a given volume us the Nile. Hence the bottoms of these rivers rise 
faster, irnd they change their courses more often. 

f'or another, they arc less regular than the Nile in the date and de¬ 
gree of the rise of their waters. Their high level occurs tn the spring ,il 
an awkward lime, too late to help with winter crops and too early for 
summer crop* Therefore, much storage of water is needed to raise good 
crops on this fertile flutkinej. 

Although the Euphrates is much the longer of the two rivers. Ihe 
Tigris carries over twice as much water as its sister. It is also swifter and 
mnre unpredictable Moreover, being faster, it digs a deeper trench ami 
so is less cosily used for irrigation. 

Because the leading civilizations of antiquity arose in broad river vut- 
kys. and because floods are the deadliest natural catastrophes in such 
Valleys, these civilizations alt developed flood legends as part of their 
mythology. The Sumerians had a legend about the pious Zitisudra. who 
by building an ark saved himself atnf his family from a great flood sent 
by the gads, The legend evolved down the centuries and passed from 
folk to lolk, so that Ziusudra became the Lltnnpishtim or the Assyrians, 
the Noah of the Hebrews, and the Dcukation o[ the Greeks. 

Across the yawning gulf of 5,000 years, we see the sun-browned 
Sumerians beginning the endless (ask of breaking the rivers and the 
plain to the use of man. As century followed century. Mesopotamia 
came tu be damascened by m azure wch of canals, which turned [lie 
ungluy Euphrates, clothed the desert in rippling fields of golden grain, 
ami moistened the roots of dure palms planted along their banks in end¬ 
less rows, 

In the thin! millennium n c, for example Kang Entemiinna of Lttgiish 
hoili an espceiaIJi large canal, which run from the Tigris south .dung 
the 4(ith meridian (o the Euphrates This canal can still be traced by a 
line of lakes, streams, and marshes. Later an even larger canal, "the 
Nahnviin, over 200 miles long and 4(H) feel wide, paralleled the Deris 
alone us left bank from Baghdad (then a mere village) to a place near 
nKKk'tr Kill aRArnini, 

Keeping up such a canal system in Mesopotamia presented speehj 
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difficulties. Because of the I nek of limber and stone. iherc was no easy 
way to reinforce the canal banks. When ilrse banks were simply m.:de 
of piled-up mud. they easily fell into disrepair. 

An irrigation ennal mast be carefully planned and maintained. It must 
be a little above die surface to be irrigated, and it must have a slight 
but constant slope to keep (be water Bowing, If the slope is too steep, 
the water flow’s too fast and eats away the banks. If it is too gentle, 
weeds and silt block the channels. The domestic goat, that ancient 
scourge of the Near East, breaks down the banks by scrambling up and 
down them. Constant repairs are therefore needed. As soon as a sect ton 
begins to silt up, it must be dredged out lest it rum the circulation of 
die urea. 

Lacking stone and wood, the Mesopotamians used cane reeds, tied 
in bundles or woven into trutis, as reinforcing material- They used these 
reeds not only in (heir canal work but also in house building. Therefore 
Mesopotamian towns maintained a curious institution: the municipal 
marsh, a patch of swamp deliberately kept as a wetland where the use¬ 
ful reeds could grow. 

Mesopotamian irrigation was of the basin type- like that in the Egyp¬ 
tian Delta As such basins do not have mechanical gates or sluices, they 
are opened by digging a gap in the surrounding embankment and closed 
by shoveling mud into Ihis gap again. Hence Mesopotamia irrigation 
farming was a very laborious business. 

For hoisting water, (he Mesopotamians used a swape tike that of 
(Egypt- Some limes they employed a battery of these swape*. the Fust one 
hoisting water to a certain height, the next hoisting rt still farther, and 
so on. They also devised the Qrsl advances on the simple bucket hoist. 
One was the pulley, which appeared before —1500 and which mtuie 
much easier the task of drawing water from a well 

A main form of engineering advance is the substitution of continuous 
for intermittent motion, .ind rotary for back-and-forth motion. I he 
Mesopotamians attained this stage by about —1200, A legal document 
on clay Orders a man to replace u watet-raisiug tread wheel, 20 feet long 
with seventeen steps, which he had borrowed and lost. 

Mesopotamian laws not only required farmers lo keep their basins 
and feeder canals in repair but also called upon everybody in the king¬ 
dom id turn out with hoc and shove) in times of flood, or when a new 
cumi bad to be dug or an old one repaired. Times of trouble caused 
(he canal system to decay, so that extra effort was required to put it 
back into good condition 

With the best of cure, however, canals would last only about a thou- 
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sand years- Then they «we abandoned nnd others were built. Today- 
four or live thousand years later. Iraq is still ridged with the embank* 
meats of these abandoned canals, crisscrossing the country in parallel 
lines. 

For four thousand years the Mesopoiumbrt canal system supported a 
denser population than lives there today. Then in | 258 the Mongols of 
Hulagu Khan conquered Mesopotamia, sacked Baghdad, and killed the 
last of the Khaiifahs of Baghdad Looking upon all sedentary peoples 
as vermin to be wiped out, the Mongols destroyed the irrigation system 
and allowed a famine to reduce the population to a fraction of its 
former size. 

Itaq remained tinder Mongol rule for about a century. As nothing 
was done to rebuild the canals, the land wen i back to desert ami swamp. 
Subsequently plundered by Arabs. Turks, and Kurds, the region was al¬ 
most depopulated, as happened to many other lands in ancient times as 
the result of barbarian raids and conquests. Iraq never even began to 
recover until it became Independent in -rXX. 

Howcvcr. the ruin of Mesopotamian irrigation may not have been 
due solely to the Mongols. There is reason to think that ^grictiJitire in 
thb region had been decaying for centuries before the Mongol invasion. 
The reason for this decay hits to do with salt 

In the lower strata of the alluvial soil of Mesopotamia lie thick beds 
of salt. This salt may be a relic of n prehistoric time when the sea cov¬ 
ered the whole Eupbratean plain, When such a soil is irrigated again 
and again for thousands of years, capillary action draws salt water to 
the surface. As the water evaporates, the salt remains and little by little 
makes the land useless for forming. So perhaps, even with modem agri¬ 
cultural methods, Iraq will never again be the teeming EarmhiJtl it was in 
ancient times. 


Once the Mesopotamians had learned to irrigate their Lund and wall 
their cities, they could turn their attention to buildine temples and p,ik 
aces—the only gay and handsome structures in this almost treeless flat- 
land of brown mud-brick villages. 

The modem ceremony of breaking ground lor a public work, with 
some puffing politician turning the first spadeful of earth, goes back to 
ancient Mesopotamia. A relief from the third millennium B,c. shows the 
Sumerian king. Ur-Nanshe of Lagasb, in the unkiogly pose of bearing a 
basket on his bead. Presumably the basket contains the first bricks for 
a temple or other public work, because a similar relief shows the 
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dreaded Ash urban i pal of Assyria (—VII) carrying a similar basket for 
the rebuilding of the emit temple of Marduk in Babylon. 

The first temples of Mesopotamia were built in the fourth millennium 
n.c. with starkly rectangular lines. They bad blank brick outer wails, 
pierced high up by a few small triangular windows The austere aspect 
of these temples gives tbe impression that they were designed, by some 
trick cl lime travel, by twemicih-oentuiy architects or the functionalist 
school. Strict symmetry arid right-angled comers, however, the Meso¬ 
potamians did not especially admire. 

Later Mesopotamian temples were brightly decorated. This was done 
by pressing cones of colored brick, about the ?iz? of s finger, into the 
wet plaster that covered ibe walls and pillars, so that only the bases of 
the cones could be seen. The walls and pillars of the temples of l ! ruk tM 
and Uqrtir were gay with mosaics formed b> these cones, placed in gaudy 
patterns of colored polka-dots. Even richer effects were obtained by 
affixing wafers of copper plating or colored stone to the bases of the 
cones. 

To make them more impressive, temples were sometimes raised upon 
pyramidal platforms of brick. These pyramids became larger and larger 
until two distinct types of sacred structure evolved. The first was the 
temple proper; a massive, pillared hatl on the ground. The other was 
the jriggurat," a lofty pyramid of brick, with setbacks, staircases, and 
a shrine on top. The only rigeurat that still survives in anything like its 
original form stands at Ur in the South, amid what is now a desolate 
wilderness. 

There are several theories about the purpose of ziggurats. The theory 
that most persuades me Is that these towers were used like the Palestinian 
“high places” mentioned in the Bible, or the large woodeo pillars on 
the grounds of Syrian temples. In Syria, a priest would climb to the top 
of such a pillar. Another priest at tlh: foot of the pillar collected offerings 
from the faithful os ihcy asked him questions. 

This priest shouted each question up to the priest on the pillar, who 
in turn shouted it up to The gods The pillar brought the petitioning 
priest nearer to heaven so that the gods could hear him more plainly. 
So. I suspect that ziggurats likewise furnished Mesopotamian priests 
with an elevated platform whence to address the powers above with 
the needed audibility. 

The most famous zfggumt was raised at Babylon in honor of Marduk, 
the Babylonian Jupiter, The Bible calls this ziggurat the Tower of Babel. 
To the Babylonians it was Etcmcnanki, the Cornerstone of the Universe. 
originntt y built by the gods themselves. After several destructions and 
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rebuilding^ st reached m final torn under Nebuchadrezzar II, around 
— <HW). Then it towered skyward for nt-arly 300 fen and wa* covered 
with enameled bricky in colorful pattern*, ^ if ft were clothed in the 
scatv skin of some monstrous reptile. Could the legend of the Confusion 
Of Tongues be un echo of labor iroubles during the budding of Ete- 
mcminki? It is a tempting speculation, but—alas! no evidence supports it. 

Although the zlggnrats of Mesopotamia look a little like tbe pyramids 
of Egypt, there is no reason to think that there is any real connection 
between she two type’, of structure, The riggurats evolved from temple 
platforms, whereas the Egypibn pyramids went never anything but 
lombs_ 

The seeming similarity of Mesopotamian ziggurnts to Egyptian pyra¬ 
mids, and for that matter to the pyramids of Central America, is ex¬ 
plained by the stale of engineering in these lands when these structures 
were node. If you set out to build an edifice several hundred feet high 
when architecture is in its infancy, the arch and vault are practically 
unknown, and metal reinforcement fa urtdieatncd-uf, you have to adopt 
a pyramidal farm for ibe sake of stability. 

In — XI L this teeming farmland with its web of blue canals and its 
looming tiggurate resounded 10 the tramp of ihe dreaded soldiery of 
Assyria—burty, bearded, hooknosed men in heavy boot* and crested 
brouzeti helms For 5tK> years, one of the most ferociously militaristic 
govern men e.% known to luxury held the Land Bel ween The Rivers in its 
merciless grip. Assyrian kings ware always putting up monuments 
boasting: 

I destroyed them* tore down the Will, and buj-eed the town with Gic; [ 
caughl the survivors and impaled them on slake* in front of Lheir towns . . . 
Pillars of skulls I erecied in front of the lowe ... I fed (heir corpses* cut into 
^rnnll pfaco. to dogs, pigs, vultures . . t slowly tore off his skin . * * Of some 
I cut off the bands and limbs; of others the noses* &ars, and emu; of many 
soldier* i ]3m out the eye* . # * i ftayed them nmt covered with ihetr skim 
the wall oil the town . . . iy 

Other ancfaai kings played rough, too, but without quite such fiendish 
gusto. Must Egyptian and Rahy Ionian kings preferred to boast of (heir 
justice, piety, and public uorks* rather than of their cruelties and 
atrocities. 

There fa* however, another side io [he Assyrians They were gifted 
and energetic inventors and engmecis. Some of their inventions stemmed 
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from their militarism. For, despite the harm that it does in other direc¬ 
tions, iviir certainly uimnhUcs technology, 

Thu.’ the Assyrians were the first to equip armies with weapons of 
iron t —VIII) Iron had been known for seven or eight centuries. Ac¬ 
cording to tradition it was discovered by a tribe in Asia Minor, the 
Chalybes. but for several centuries it was too precious for mass ar¬ 
mament. 

The Assvtiint nisn developed remarkable new wheeled war machines. 
The wheel had already been known for several thousand years; there 
is a picture of n chariot on a Mesopotamian vase that may have been 
painted before —1000, In the (920s Sir Leonard Woolley excavated the 
grave of the Sumerian king. Abargi of Ur f about —25001. In the tomb 
Woolley found, along with the skeletons of sfejy-fiw attendants tfain 
to serve the king in the nest world, ihc remains of two wagons 

Each wagon was drawn by three oxen, which had been killed with 
the attendants. Each wagon had four wheels, as did the war chariots 
shown on an inlaid panel found in the same tomb- As the horse had 
nm yet been tamed, each chariot was drawn by a pair of onagerv-that 
is, Asiatic asses This animal, however, did not prove well suited to 
domestication, Hence the modern domestic ass is descended from the 
smaller, African species. 

The wheels of these vehicles were solid, built up of two semicircles 
or wood fastened together. To protect the rim from wear, they probably 
had lire* of leather straps, through which I urge-headed copper nails wen- 
driven Much Inter, in Assyrian times, tires of copper or bronze came 
into use, and later still iron tires. 

Historians of technology suppose that the wheel evolved from the 
roller and that the first wheels were rigidly fastened to the axle, which 
turned with them. This stems logical, although there b little iwl evi¬ 
dence. The revolving axle, however, had the disadvantage thin both 
wheels, forming an integral part of the axle, hod to turn at the same 
speed. Therefore, when the vehicle rounded a corner, one wheel was 
bound to skid or drag. By King AbargTs time, the axle was fixed to the 
vehicle and the wheels rotated loosely and independently on the axle. 

In AbnrgTi four-wheeled wagons and chariots, both axles were rigidly 
fastened to the body, Neither axle was pivoted, as b the front axle of 
any modern wagon so that it can follow the team around corners. 
Therefore these vehicles had to be manhandled around turns. More¬ 
over, as anybody "ho has pushed a baby carriage knows., a fenu- 
w heeled vehicle with fixed axles tends to zigzag. 

To make a wagon ium easily as the draft animals draw it around a 
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bend, the from axle mint be pivoted on a Icjng bolt. This improvement, 
however, took a long, long time—perhaps iwcnty or Thirty centuries, tit 
the days of ihe Persian Empire, a four-wheeled carriage called a 
harmamia came into use. and we can be fairly sure that it Jtad a pivoted 
from sotle. Bur, even after this mechanism wax known, four-wheeled 
vehicles Ion" remained rare The simpler two-w heeled cans and chariots 
were more commonly used throughout ancient limes A shortcoming of 
ancient four-wheelers was that, even after they had pivoted Trout axles, 
their from wheels were mode ns large as their rear ones. Therefore they 
could not turn sharp!) because, if they tried to do to iheir front wheels 
scraped again si the sides of their bodies. 

The Assyrians also exploited the wheel by inventing I he hclfry, or 
hdepolis. or movable siege tower. Fierce fighters though the Assyrian* 
were, climbing a scaling [udder was always. 3 desperate business. Tftere 
was an excellent chance that the defenders would either drop a heavy 
stone or beam or [he attacker or push ihe ladder over buck wards. 

Therefore some clever Assyrian engineer fixed the ladder to a wooden 
framework, too heavy tn be pushed over, and pur wheels under the 
framework. As the defenders could still pepper the aitackeiv with ar¬ 
rows and other missiles, the next step was to board up the sides and 
front. I'ntanned hides were nailed to the Mructwe lo keep it from being 
set afire. The resulting wheeled tower or belfry remained n standard 
siege engine for over 2,000 years, until cannon made lofty wadis useless 
for defense, 

A further Assyrian improvement was 10 combine ihe belfry with a 
battering rant, A small ram was simply a log carried! by a number of 
men. Rut. Tor hreaching the walls of a real city, something larger was 
needed. Hence .1 tree trunk was shod im one end with a mass of metal 
and hung by chains from the roof of a shed on wheels called a tortoise. 

The fully developed Assyrian belfry had six wheels a* 1 J 3 ram work¬ 
ing through n hole in front. Over [he forward part of Ilk- tortoise rose 
the tower, as high as the wall to be attacked During the approach, 
archers on the tower iried to clear the wall of defenders so that the ui- 
tackeri could scale t! in safety. In several lively hnwelicte. the defenders 
shower the belfry with torches, while a man in ihe tower hastily puts 
the fires out by pouring water on them from a dipper. 

Sometimes, instead of a ram. the belfry was equipped with a bore. 
This was like the ram except that it had a sharp spcailike bead. In at¬ 
tack ing a wall of soli mud brick, such a tool mighL be more useful than 
a ram. 
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The Assyrians also exploited a new military arm, hor*e cavalry. 
Artfufid — 201X1 or earlier, on The gieur grassy plain that stretches from 
Poland to Turkestan, a wandering tribe of cattle-raising nomads tamed 
the most important of man's work me animals. This was the horse, which 
then ran wild from rise forests of Germany to the deserts of Mongolia. 

This feat of domesticating Lhc horse had momcntouK results. The horse 
tamers set out in rheir rattling chariots and easily conquered their neigh¬ 
bors. They imposed rheir language upon their subjects and intermarried 
with them. These mixed people* set mi in their turn and conquered 
more neighboring nations. Thus the horsemen spread tfieir speech Iwm 
Portugal to Bengal. The family of tongues derived from that of the 
original horsemen is called IndcKEuropcun. The horsemen who con¬ 
quered Iran and India called themselves Arya. “noble ones." Therefore* 
the original conquerors and the it descendants are some times called Indo- 
Europeans and sometimes Aryans, 

However, (here is no "Aryan nice ,F Whatever the race of the first 
hot semen, it has tong since disappeared by intermarriage and dilution. 
The words for certain plants and animal, common to widely separated 
Indo-European language*, stiggesi riot the original point of dhpercion 
was south of the Baltic Sea— I hat is,, on the plains of Poland. 

For over 2.000 years, waves a ( Aryan baibariuns-Kassites* Humes* 
Cimmerians. Scythkns, Modes, Persians. Darhvns. Thracian*. Celts. Gor¬ 
mans and .Samutians—washed over the more cult turd lands to the cast, 
south, and west of thdt northern homes. Sometimes they were driven 
back; sometimes they se( up mighty empires. 

Their horsemen bath rtnlc and drove horses. For fighting, they drove 
chariots. AJihough they rode in cany message* or to travel fast, ihey 
did not usually fight on bmseback, For one thing, the early horses were 
nor big enough to carry an armored man very far. For another, having 
no $%irraps and being topheavy from the weight of iheir armor, the riders 
were in constanr danger of foiling oil. 

One Indo-European tribe, the Modes, settled in western ban. Here, 
on the Nkneia Plain, they bred horses for size until the horses weie os 
bi£ us modern riding horses. These cnukl hear a pup even when wear¬ 
ing armor For centuries ihe Mcde\ the Fcn-inns, and the other Iranians 
hud she worlds besi cavalry, not <mly because they were skillful rider* 
bill nbo because They had the largest horses 

1 he Kinpi nf Assyria, however, soon cupird llie Modes. Again and 
again they mtt marauding armies over rhe xiiounruns into Media to 
capture some of the famous liaises for iheir own breeding stock. 

In ihL ancient world, the chariot was built in umn size* and shapes 
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and was pulled by one to four horses, mutes. or asses. Hie maximum 
lixad was limited by the fact that the animals were always harnessed 
abreast never in lundem, Therefore the number that could be hitched 
to a given vehicle was restricted by the width of roads and gate*, Thus* 
although four-horse d^riob were sometimes used for war and racing, 
cars for ordinary transport alien were usually drawn by one or wo beasts. 

The Persian* and the ancient Britons fastened scythe blades xo the 
hubs of [heir war chariots to mow down foot soldiers. The people of 
the south and east of the Mediterranean preferred a chariot high in 
front and open in back, while those to (he north and west uiade chariots 
high to hack and low in from, with a seat across Lise back. In later 
centuries, the open-rear chariot, in which the driver stood up, was pre¬ 
ferred for fighting, hunting, and racing, whereas the open-front chariot 
was preferred for pleasure riding and simple trepanation. 

As «i charicpt needed smooth ground to run on* hs military use was 
limited Dope men had the fine Median riding horse, chariots became 
less effective than the same number of men mounted on horses. After 
the rime of Alexander the Great, chariots went out of use for fighting, 
albeit they were kept far private carriages, governmental mail carts* and 
racing vehicles. 

in addition to developing engines of war and cavalry, the Assyrian 
kings found time for peaceful public works. When Sargon II invaded 
Armenia in —714, he aw an irrigation system not yet known in Meso¬ 
potamia. Thb system, also used in Iran, can be called cither by the 
Arabic name qan&t or ihe Persian kariz . 

A qiiniit is a sloping tunnel that brings water From an underground 
source in a range of hills down to a dry plain at the foot of these hills. 
Ir has an advantage over an open-air aqueduct, in lhat less water b lost 
by evaporation on its way from the hOJ to the plain. 

To build a ijpnat. a line of vertical shaft* is dug along the course nf 
(he conduit, and the bottoms of these shafts arc joined by a continuous 
tunnel. At various points, other shafts arc dug ; s t a slant from the sur¬ 
face to (he lunneL to allow men to go dawn to maintain the runnel or 
to draw water. Finally. when the tunnel reaches its destination, she water 
is distributed into a system of irrigation dmruvek 

Sargon admired the Armenian qarawvk. Although he defrayed them, 
he brought the secret buck to Assyria. In later centuries, qanat irrigation 
spread over the Near East as far as North Africa and is still used to 
many places. 

Salmons son Sennacherib- proved lew aggressive than must Assyi- 
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tan kings, although he suppressed revolts just as fiercely. The most re* 
markable dung about Sennacherib his technical benL 

Sennacherib's empire included not only Assyria proper (northern 
Iraq) hut also Babylonia l cental Iraq) and Chaldea {southern Iraq), 
it included Syria and Phoenicia as well. Palestine was usually tributary* 
and Assyria for a time ruled Egypt 

The Assyrian kings ruled most of this area through native kings whotn 
they had conquered bur left in power on condition that they pay tribute 
and furnish troops to the King of Kings. The Assyrian kings tried to 
govern Babylonia through such puppet kings, bur the puppets often re¬ 
volted In the —690s, Sennacherib deposed one restless Babylonian king 
and pul one of his own sons, Asfiur-nudirt-shuin, in his place. The lead¬ 
ers of die anti-*Assyrian faction lied south tnu> the marshes of Chaldea, 11 
where they thought they would surely he safe. 

However, they reckoned without Sennacherib's engineering genius. He 
colled upon the tributary Pboenicho cities, far to ihe west, for ships. 
The ships, built Lo sections, were hauled overland and assembled on the 
Euphrates. They sailed down the mighty river to Chaldea, where they 
helped ro rout the anti-Assyrians- 

Bin not for long. The Babylonians soon rose again and drove: out 
Ashur-nadifrshunt, When the wrathful Sennacherib recaptured Babylon 
in -689- he massacred the people and sacked and burned the world s 
greatest city. Not yet satisfied* he dug canals through the oily, dammed 
the Euphrates and sent the river coursing through these canals. He 
dumped the temples into the ctmais and made such .i vast muddy moms 
of the whole urea that* for a time. Babylon became a wilderness. 

Later, Sennacherib bad second thoughts an d begun to restore the city. 
His son Esarbiiddon continued the work. After the fall of Assyria* 
Babylon again became the largest city in the world. 

The old capital of Assyria trad been Asbur on the Tigris, but some 
early Assyrian kings made Nineveh* 13 farther up the Tigris, an dtcmaie 
capital Although Sargon II built a new capital still farther north, 1 * 
Sennacherib abandoned his fathers city and adopted Nineveh for his 
home. 

Here a huge wall, faced with stone and pierced by fifteen gates, sur¬ 
rounded the two mounds on which tfie temples and palaces stood. The 
rest of the area, ait intgular quadrangle about one mik tom cast to 
west and three miles from north to somh, was. occupied not only by the 
dwellings of the common folk but also by public parks and the orchards 
of private eirizeas, For his private garden, where storks da tie red and 
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pet lions prowled, Sennacherib designed an improved swapc R with a cop¬ 
per bucket and posts of limber instead of dried mud. 

To water all Ms fine planting, Sennacherib undertook a vast scheme 
of waterworks. He personally loured the countrywide near Nineveh strith 
ing over plains and toiling up mountains, U> choose the sites for his 
construe! kms. 

Ten miles north of Nineveh he dammed the river Tebitu 17 which 
descended from the north to flow through the middle of Nineveh and 
empty into the Tigris, From the reservoir ihus created he bfought 3 canal 
down to the etiy. Since the grade of ihe canal was less than that of the 
river, the canal water arrived at Nineveh high enough to be used for 
Irrigation without hooting. 

To take care of the overflow during the high-water season in spring, 
Sennacherib installed, northeast of the city, :t nmnidpaj c&nttmAe* like 
those of Babylonian cities. He made this marsh into a game preserve* 
loosing deer, wild hoar, and game birds 10 breed there. 

In addition to planting reeds and timber trees, Sennacherib imported 
from India another novelty: ihe cotton iree. His inscription proudly 
announced that: p Thc mulberry nnd the cypress, die product of the or¬ 
chards. and the reeds of the brakes which were in ihe swamp I cut down 
and used as desired, in the building of my royal palace*. The wool- 
bearing trees they sheared and wove the wool into garments/’ 1 * 

Sennacherib's fircr canal sufficed for several years. When the city out¬ 
grew it, the Ling dug another canal to the northwest, where it tapped 
another stream. He also built over 2 dozers small canals connected with 
Ihe Tebitu River and 3 12-milc tunnel 10 bring water to AfbclaJ 1 ' a 
city east of Nineveh > 

When these schemes, too. were outgrown, Sennacherib undertook his 
mosr ambitious project. He went more than thirty miles from Nineveh, 
in the watershed of the Atrush or Gomel River, Thence a canal was dug 
overland to the headwater* of the Tcbiiu, carrying new water down* 
stream to Nineveh, 

Where ihe canal crossed a tributary of the Atrusb-GomeL near mexf- 
cm Jerwan. Sennacherib built aft aqueduct. This was £1 remarkable pkec 
of construction for its time. If was mack of cubes of stone, one cubit 
f 20 inches i on a side la ihe acsuaJ channel, a Inver of concrete vr mor¬ 
tar under the uppermost course of stone prevented leakage. The aqueduct 
crossed the strewn on a 90-foot bridge of five pointed corbelled arches, 
over 30 fees high, 

Sennacherib prided himself on completing this canal and aqueduct 
in a year and a quarter, Ai work neared completion, he sem iw r o jrne$ts 
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tn the upper end of I he canal to perform the proper religious rife:-; at 
the opening. 

Before the ceremony, however, <1 minor mishap occurred- The ^Euic-c 
gale o< ihc upper end of the canal gave way, and ihe water of the 
Atru>b-CiOmd poured down the channel without awaiting the ting’s 
command. 

Sennacherib at once looked into the occult meaning of this event and 
decided that it was a good omen. The very gods T he believed, were so 
impatient to see the canal in use thru they had caused the breach in 
the sluke gate. 

So King Sennacherib went to the head of the canal, inspected the 
damage gave orders for its repair, and sacrificed oxen md sheep to the 
gods. "Those men.” he wrote, ‘’who had dug that canal J clothed with 
linen and brightly colored woolen garments. Golden rings, daggers of 
gold l put upon them.”''^ 

This was no doubt a delightful surprise to the engineers and work¬ 
men. who had probably been shaking in their sandals ever since the 
mishap for fear that the Greai King would order all their heads chopped 
off. He was. indeed, unite capable of it. 

In -681. Sennacherib's sans conspired against him. The great en¬ 
gineer-king was lured into a temple in Nineveh and beaten to death 
with statuettes of the gods. One sort, the grimly able Esarhuddon, suc¬ 
ceeded Sennacherib and conquered Egypt. He Li was who modestly be¬ 
gan an inscription: 

“1 am powerful. I am omnipotent, I am a hero, l am gigantic, I am 
colossal! 1 ”- 1 

After Esjfhaddon came the melancholy Ashutbanip.il, patron of arts 
end letters, under whom the empire reached its peak. Thereafter it 
swiftly declined os more and more of the subject peoples revolted and 
nomadic barbarians, the Cimmerians and Scythians, swept down from 
the north. 

In —612. an alliance of Scythians, Modes, and Babylonians conquered 
Assyria. In assailing Nineveh, ihc Mcdcs rook advantage of a flood on 
the Tigris to mount battering nuns on rafts The allies captured the capi¬ 
tal and blotted it out. A ferocious yell of triumph went up from the 
Assyrians 1 victims: 

“Woe to the bloody city! . , . Nineveh is laid waste: who will be¬ 
moan her? . . , Thy shepherds slumber, O king cf Assyria; ihy nobles 
shall dwell in the dust: thy people is scattered upon the mountains, tmd 
no man gathered! tbem."^ 
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Two centuries later, when Xenophon's ten thousand Greek merce¬ 
naries passed that way, Nineveh lay in mini, and the memory of the 
scourge of Assyria was already fading from the minds of mem 

At the time of Assyria's fail, a Chaldean adventurer named Nabo- 
polassar^ had seized the rule ol Babylonia Under him and his, son. 

I he second Nebuchadrezzar , 21 the dynasty ruled much the same area, 
as the former Assyrian Empire This new empire is sometimes called 
the Neo-Babylonian Empire, because ii-h capital was at Babylon, nnd 
sometimes die Chaldean Empire, because of the nationality of ilv ruling 
house. 

As Nahopolassar was a usurper, he und Nebuchadrezzar were care¬ 
ful to keep on the good side of the powerful: priesthood, who might 
otherwise have stirred up revolts against them Hence they lavished vast 
sum* on temples, in Babylon and elsewhere. When Nabopotes&ar began 
one of the many rebuilding* of Etcmenanki, the great zigguraf of Baby¬ 
lon, he made his sons haul brides like common workmen tri show their 
piety. 

Under the energetic rule oF Nabopofassar and Nebuchadrezzar. Baby¬ 
lon reached its greatest size and splendor. Nebuchadrezzar came to the 
throne in —605 and reigned forty-three years. He was ihe outstanding 
soldier, statesman, and builder of his time. The indign tales about him 
in lite book ol Daniel-how he demanded of his wise men the inter¬ 
pretation of a dream that he himself had forgopen, and how he went 
mad and ate grass—should not Iks taken seriously. They arc die Judaean 
scribes’ way oF lotting even with the man who thrice sacked Jerusalem 
und deponed ihouianib of Jews to Babylonia. 

In Nebuchadre^rN Babylon, the inner city was 3 slightly distorted 
rectangle, about a mile and a half from cast to west and tour-fifths of 
a mile from north to tomb. The Euphrates lb wed diagonally tti rough 
the city from north to south, dividing it into the smaller New City on 
the west and the larger Old City tin ihc east Moats carried the divided 
waters of the Euphrates around the inner city, making two triangular 
islands of iL 

Both parts of the dty were cut up by n number nf broad avenues, 
crossing almost at right angles and named for the gods-Mmduk Street, 
Sharnash Street, and to an. The most important street was the so-called 
Proeeratonal Wn>\ tunning north and south through the Old City four 
or five hundred yards from the river. Its true name was fc+ The Street an 
Which May No Enemy Ever Tread .** 

Processional Way embodied a marvelous Mesopotamian invent bn. 
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paving, It was paved wj(h limestone Bags and + under these, targe flat 
bricks set in a mortar of lime, sand* and asphalt. Along this street wag¬ 
ons bearing the images of the gods were wheeled during religious pm- 
cessions. These parades seem to have been the Babylonians' chief public 
amusement, allhough they also attended boxing matches. 

Such paved processional ways were a regular feature of Near Eastern 
cities. The limit capital of Kattusas* 3 had one as early as -J2tXl At 
Ashur, the processional way had a pair of groove in the pavement for 
ihe wheels of the sacred wagons, to assure the zods a smooth;, safe ride. 
This was perhaps die world's fim railroad After aiL it would not do to 
hav e a $od'\ wagon get stuck or his statue be jostled. He would not like 
it* inv more than a modern mortal likc^ a Oat tire; and there ss no telling 
what an angry god might not do. 

Because ihe*e streets were sacred. special rules governed their use. 
Sennacherib, the Assyrian enginesr-king. set up the first no-parking Stptfc 
He placed prat* along the processional way in Nineveh, inscribed: 
Royal Road. Let No Man Lessen It * 4 Not yet satisfied, Sennacherib 
decreed (hat any scoundrel w ho parked a chariot or other vehicle along 
this boulevard should be slain and hk body impaled on a stake before 
his house. Perhaps such measures would be helpful in coping with mod¬ 
ern parking problems. 

For centuries! paving seems to have been confined to processional 
ways. Link by little It wm applied to other important thoroughfares 
und then to heavily traveled stretches of road outside the main cities. 
But not until Roman times did any government undertake to pave inter¬ 
city roads over their entire lengths* 

The road* of the earlier erapires were for the most part nor paved* 
merely graded. These dirt roads iiad an advantage over paved roads: 
they were easier cm The hooves of horses than paved roads would have 
been. When the condition of such roads became bad enough* the of¬ 
ficial rounded up oorvees of grumbling peasants and C4impelled them 
to fill In The holes. 

The minor streets of Babylon were probably a tangle of alleys, in 
which mud brick houses were jumbled every which way. The Chaldean 
kings may have entertained advanced tdea& of city planning, bui they 
met the same difficulty that has plagued municipal author tries ever 
since: that it is easy to proclaim a fine city plan but much harder to 
make people obey This plan when it doev not suit them. 

An enormous double brick wall surrounded the inner city. The outer 


72 


The Ancient Engineers 

wall was 20 to 15 feet thick and probably two or three rimes as tail as 
it was thick. The inner wall was thinner but 1uflier. 

These walls were of a type that buDtiers of cities and castles stand¬ 
ardized back before -1000 and continued to huikJ down to thv coming 
of cannon, nearly three millennia later. The shape of this standard wall 
was determined by the availability of stone and brick on the one hand 
and the siae and stupe of the wall's human defender; on the other. 

The main wall was a solid structure, so thick that attackers could 
not easily break it down and defenders could move about freely on its 
top. Alone the outer rim of the main v, all ran a much smaller wall called 
a parapet. 1 his was a mere fool or two thick and sin feet high. Its upper 
edge formed n square zigzag pattern called a battlement or aendalioi). 
Tile crenels, or notches in the battlement, were low and wide enough 
so dial an archer could shoot through them at foes on the ground be* 
Inw. while the merlons, or toolhlikc projections, were large enough so 
that the archer could duck behind them when not actually loosing his 
share 

Along the cast bank of tire Euphraies, several square mile* of -.obtubs 
formed a huge right triangle surrounding the inner city, A paired mighty 
crenelated walls protected this arcs also. Additional watts lined the river 
banks and the fortified areas in the old city, which contained the palaces 
and barracks. Moreover, seventymite-, northwest of Babylon, the 
great Median Wall, fifty milts long, stretched Iron* the Euphrates to 
the Tigris. 

Towers row at intervals from all these walls. Greek historians wIhj 
wrote of Baby Ion's walk u a Wonder of the World much cuaggcrated 
their height and length Nevertheless, these fortifications made the city 
practically impregnable when held by a determined garrison. 

Eight fortified gates pierced the inner wall. The center spue on (lit 1 
northern side was the famous libtor Gale, the ai.:iidtvl structure of its 
kind ever built. 

Hus colossal portal comprised □ square tower of hnck, nboui 70 
feel high .mu c-.cn larger in plan. Cutting (hreucU this tower was a lofty 
vaulted passage, which amid be closed oil by two pairs of huge uxwdett 
doors. On inc northward -ude t>! the j^iie proper. Banking the approach, 
J,t ™ two lad, hlender lowers. North of these, as a first line of defense 
rose two smutlcr towers. 

The entire structure was finished with enameled bricks, blue on the 
towers Lind green and pink on the connecting walls. On each tower in 
low brick relief were several vertical rows «f brightly coin red bulls and 
dragons, repelling hostile supernatural forces by their frowning glare. 
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The Hairier who strolled into Baby kin th Twitch the ft h tar Gate found 
himself on the paved Prove'■siprial Way twtween (wo high br ick walk 
decorated with life-sr/cd liotvv in bright vn.jm-Wd brick relief Red- 
maned yellow lions .illemated with yellow-maned while lions To the 
right of die >|roller tow the walls nl a fortified area, extending from 
the Processional Way to the Euphrates, Here stood palaces, barracks, 
and administrative offices. 

As the traveler emerged from the Ishiar Gate. lie might catch a 
glimpse, over the wall on hi. right, of ere cilery. For live were l‘,c l,v 
mouv Hanging' Gardens, another Wonder rtf the World. Hu Hanging 
Gardens were a splendid :■ f garde!: planted with s -ev and ^hnihs 
atop a princely plea mi rt house. The tonf (hnt upheld the garden woe 
waterproofed by layers of .isphJt ;md sheet lead. The word " hanging.** 
which classical writers used , 17 gives the misleading impression that the 
gardens were suspended by chains or cobles. The wonts '*ra.L>e<l" or 
“elevated"' would give a mote correct picture. 

Greek and Roman historians attributed the Hanging Gankin to 
S emi minis. .1 legendary -V-vrinn queen vuy-posed u> hint eomjuewd the 
whole Near and Middle East and invaded Kush and India, The slender 
basis for These legends is the fact that for n few- years the Assyrian 
dowager queen Sam mil ram at f—IX I acted as regent for her son While 
Sanunurnmat may have been an able and forceful ruler, she certainly 
never did any of the deeds credited to Semiramis. 

Diuduros the Sicilian cicn dahttctl thai Seminimk had built a pedes¬ 
trian tunnel under the Euphrates m Babylon lr is » pity that archeolo¬ 
gists have found no trace of any such tunnel, Think how awful it would 
be to historical novelists? But, even if Semi ram is could have built such 
a tunnd. she could not. before the invention of pumps, have kept it 
from filling up with water. 

One tale, which may have :i Foundation of fact. Is that Nebuchadrez¬ 
zar's favorite Wife Amyffc pined in the Etiphrutean tliitltmds for the 
mountains of her native Media. So the Ling built the Hanging Gardens 
as a kind of artificial mountain to please her. 

Or Nehuthadn.-jtrai'x pkanne dome, only i!k> husgittcflt ■survives. 
Hence nobody ically know. how the Hanging Gardens looked when 
new. 

When Ktddewey dug up the basement in the early J'MHls, he found 
the remamv of fourteen Inr^e stone barrel vaults—ime :srelied vault** 
The purpose of these vnulls is nol kaenm. They may h.ivc been used 
for ntomec ef supplies, itcuiusi a sfaire. or jjs summer reception rooms or 
banquet hiiils. Being partl> undcrgraumJ, tfiey would be cooler th;m 
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most places in the baking Babylonian summer. Such lavish us< of im¬ 
ported stone shows that the building was carefully designed to withstand 
the effects of time and weather. 

In the basement, Kotdewey found a peculiar structure: 

... * well which differs from all other well> known either in Babylon or 
elsewhere in the ancient world, li has direr shaf ts placed tiose to each other, 
a square one in the centre and oblong one?, on each side, an arrangement loi 
which I cj n surt no cither explanation than that a mechanical hydraulic ma* 
dime stood here, which worked on the same principle as opx ch mn pump, 
where buckets attached to a chain wort on a wheel placed over a welt A 
whim or capstan worts the wheel in m endless rotation* This contrivance, 
which is used io-day in this neifhbiTiirhood, and ls called a dol&fr s water 
bucket}, would provide a cootitiyouv How of water;** 

If Kotdcwcy is right, the chain hearing the buckets extended up 
through the building to the roof garden. Servants, heaving on the wind¬ 
lass bars, kept water flowing up night and day from the well to the lung's 
precious plants. 

West of ihe Hanging Gardens, filling the space between this edifice 
and the river, stood a building with brick walls having the extraordinary 
thickness of 70 feet. This was evidently a founds or keep for a last- 
ditch stand. 

If our under continued south on the Processional Way, he would 
pais on his right the towering, ninbow-hued ziggurat Etcmenunki, ris¬ 
ing as high as a modem thirty-story building. On hi* left stood apart¬ 
ment houses up to four stories high. 

Turning right on Adad Street and walking towards the river, the 
stroller would find himself between two great sacred mclomrcs: Ete* 
menanid on his right and Esagtla, the temple of Marduk, on his left 
As enlarged and rebuilt by the Chaldean kings, the temple was an 
L-dtapcd building that occupied a square about 500 feel on a side, 

This temple housed an L 8-foot golden statue of Mardtik. Although 
Herodoicn says the statue was of solid gold, we may doubt it Such 
statues were designed to be carried through the city in carriages durine 
idS^om festivals, and a solid gold statue of that size would have weighed 
over fifty tons. Besides being immovable, h would have cost the equiva¬ 
lent of about a hundred million dollars. It is not likely that so much 
gold was available in ancient times for such purposes. Probably the 
statue was of wood, covered with gold foil 

From many' representations in Babylonian art* wc can form an idea 


75 


The Mesopotamian Enginteri 

of this statue. The bearded, bemgn^ookipg king of the gods wore a 
long robe and a tall crown topped by a circle of featbcn, somewhat 
like throe of a Sioux war bonnet. In hh left hand he held a scepter and 
a ring, while his right grasped a scimitar. 

At Mardut’s feet lay the animal that symbolized him, as the hull 
symbolized A dad and the Jiem Ishtar. the Babylonian Venus. Marduk's 
beast was the dragon or sirrtah. This was a composite animal, covered 
with scales, with a snakdike bead and neck; the body, forelegs, md 
tail of t cheetah; and the hindlegs of a colossal bird of prey. 

The two great temenoi of Martiuk contained many other buildings 
besides the temple and the tower. There were living quarters for die 
priests and for pilgrims from out of town, paddocks for the animals 
used in sacrifice md so on. 

Passing between these two inclosures, the traveler reached another 
wonder of Chaldean Babylon: the bridge over the Euphrates. Except 
for Sennacherib's aqueduct at Jerwan. this is the oldest stone bridge of 
which there is any record. Bui, whereas Sennacherib merely crossed a 
brook* Nabopobssar, who bulk ibis bridge spanned one of the worlds 
greater rivers. Built at a time when the workfj few bridges were fiimsy 
affairs of tree trunks, reeds, or inflated goatskins. this bridge was almost 

celebrated in the ancient world as the Hanging Gardens. For centuries 
rt was the only structure of its kind in the world 

Since the river has bng since shifted its channel, the bases of the piers 
have been dug up in recent times. The bridge was 330 feet long and 
rested on seven streamlined piers of baked brick, stone, and timber. 28 
by 65 feet to plan. The superstructure was of timber. According to 
Herodotus U was a drawbridge; one or more of the wooden platforms, 
which crossed from pier to pier, were taken up a! night to keep evil-doers 
from using the bridge. 3 ® 

The Euphrates bridge had a shortcoming shared by most large an¬ 
cient bridges. The massive piers took up half the width of the river at 
that point* seriously impeding the flow of water. At Hood time there 
was danger that the swift current speeded up still more by this constric¬ 
tion, might scour away the river bottom around the piers until they' col¬ 
lapsed, or that debris ntighi gather on the upstream side. Nevertheless, 
this bridge may be counted the most signal engineering advance of the 
Chaldean Empire. 

After Nebuchadrezzar, the Chaldean Dynasty petered out in faction 
and incompetence. In -539, Cyrus* 1 the Persian wrested Babylonia 
from the feeble grasp of the aged Nabtina'id, 11 a scholarly king with 
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bUedM intetcib in religion and archeology but Sink in government. Bab¬ 
ylon iiit up with only token resistance. 

Yet the city throve for several centuries more. In fact, under the 
Persians, Babylonitin savants accomplished some of their greatest 
achievements in astronomy and mathematics. 

In —4S2. Babylon revolted against Kins Xerxes.® 1 The Persian sent 
his best general, who swiftly retook the City ant) harshly punished it. 
Nebuchadrezzar's great wails were partly tom down to make them useless 
lor defense, and Xerxes carried off (he cighlCcn-foot statue of Mardufc 
and molted down the gold for his treasury. 

Xerxes is also suid to have demolished the temples Later historians 
wrote of the temple Esaeib and ihe ziggurttt Etemenanki as mins and 
Warned Xerxes. Alexander, they said, when he entered Babylon a century 
and a half Inter, "‘commanded the Babylonians to rebuild all the temples 
which Xerxes had destroyed." 1 He ordered the mountainous piles of 
brick that marked the ruin hauled away lo dear the ground. This was 
done: but then Alexander died and the work stopped. Since these his¬ 
torians confused the temple and the ziggurai, it is hard to know just 
whal Xerxes is supposed to have done. 

MdOdtrtos has another tale to tell When he visited Babylon thirty-odd 
years after the revolt against Xerxes, he found both Esiigila and Etc- 
menanlci standing. A taler historian. Diodorus. says merely that the 
Persians rohbed the temples of [heir golden statues, altars, vessels, and 
other accessories, and that the ruinous condition of the sacred buildings 
was due to the action of tune. 

The best explanation seems to be that Xerxes demolished no lemples 
or ziggurats—to rear down Eremcnunki would have been an exceedingly 
costly project—hui that be merely seized all the gold in sight, Ltiler, 
when grinding Persian taxation caused Babylon to decay, or litter still 
when the city was largely abandoned under the Macedonian Sdcucid 
king^, the priests could no longer afford to keep their buildings in repair, 
Thereupon they crumbled ;md dissolved into mud os do all such struc¬ 
tures when left to ihc elements. 

But, to Greek writers. Xerxes—in real life no worse than most despoil 
and belter than semre-was one of iff c world's greatest villains because be 
had attacked Greece, Hence the writers were eager to Itame him not 
only Tor the misdeeds that lu< committed but also for mmy thai he did 
not conunlL 


Cyrus the Great founded the Persian Empire around —550 and for 
a little over two centuries the Achaemenid dynasty I named for Achae- 
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menes* 1 mn ancestor of Cyrus)- ruled (he Near and Middle East- This 
empire followed the usual course of soch realms. Periods of peace and 
prosperity alrenuited with revolts of the provinces and civil wars between 
rival claimants to the throne. 

The Persian Empire wa$ neither so had as Greek Historians were wont 
to consider it nor so good as some of itt modern npoJogfcus suy. It 
like nil empires, founded on furee mapur# - hul it was less oppressive 
i hit ft its predecessor*, It was also ,■ despotism—but no other form of 
large-scale gowroment was then possible. The fcitig^ could be fiendishly 
cruel to their dtfe&lcd foes—bid there were few wholesale mavsacrei and 
deports lions such as the Assyrians had practiced, 

Linder ihe Persians, ideas spread hither and thither around the Near 
and Middle Ease. Thu qanat system of Irrigation, tor instance, spread Jar 
and wide from its Iran inn homeland* The tlumctlic cuuri sptc.:d from 
Arabia to Egypt, where ii made possible travel and trade acfOfc the 
waterless North African deserts. 

The Arabs In their turn learned about irrigation. Under ihe Sabiwan 
kings they built a huge dum at Marik 1 ' near the southwest comer of 
the Arabian peninsula. This dam. said to have been starred by a legend¬ 
ary shnyth* 3 " 1 furnished irrigation to lu valley for about a thousand 
years, before It broke down during a great fl®d 

Alihuugh the lordly Persians were not on the whole a tcebrflcftBy 
minded people, they did footer sbfiftc engineering advance The Great 
Kings improved the roads of their predecessor? until their whole vast 
rcuim was blit by n system of highway* Ovci these mad* the king 1 * 
messengers galloped iu rcfoys, covering ns much as a hundred miles a 
day, Tliese postmen rode 'on horseback, and , . , on mutes, camels, 
and young dromedaries, 11 ' and perhaps drove mail cans as wdl, depend* 
±ng on I he condition of th^ road, 3 * 

By far the greater part of ihe Highway syxtem was only graded, not 
paved. Some of the steepest slopes, however, may have been eaied by 
cuts ml fifls. 

We do hear of :i couple of Persian engineers, or nt le:M of Persons 
placed in charge of uu engineering project. When X ernes fed his flHated 
expedition into Greece in —ISt). he decided n> dig a canal through ihe 
neck of i be Athos peninsula instead of sending his licet around Mount 
AthcK. A Persian Heel had iTcen wrecked t hem by j sudden storm eleven 
years before during Durfus' compuM of Thruce, and Xcrxe* wait u c lii- 
Itotw. methodical man who had Iven iulked iuio ihis rash Foray against 
his thMttr judgment. 

Therefore, the king placed m charge of the work two of his noble . 
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Buharev and Artachaeiis a * Both men were related to the royal fiimilv; 
Artachaces, moreover, was eight feet tall and had the loudest voice in 
the army, Herodotus explains bow the job was done: 

Now (be maimer in which they* dug was the following; a line was drawn 
across by the ciiy of Sane: and along this the various nations parceled out 
amoftB themselves rhe work to be done. When the trench grew deep, the 
workmen at the bottom continued to dig. while others handled Uw earth, as 
|* wat dug out, to laborers placed still higher up on ladders, and these I along 
it. passed it still further, till it came at Inst to Ihose at the top, who carried H 
oil and emptied it away. All the other nations, therefore, except ihe Phoeni¬ 
cians, had double labor, for the sides of the trench fell in continually, as could 
not bul happen, since they made the width no greater at the top than it was 
required to be ai the bottom. But ihe Phoenicians showed m this the skill 
which they exhibit In all their undertakings. For in the proportion of ihe work 
which was allotted to ibem ibey began hy making Ihe trench at the top twice 
as wide at ihe prescribed measure, and then n they dug downwards ap¬ 
proached Ihe sides nearer and nearer together, « that when they reached the 
bottom their part of the work was of the same width as the rest,'* 1 ' 

Evidently the Phoenicians knew about the angle of repose of the 
earth of on embankment, But nobody else, including the twa princely 
superintendents, did. 


The Persian kings did not rule from any one single capital. Instead, 
they maintained four capitals and moved about from one to .mother in 
the course of a year. The kings and their court probably traveled about, 
as did medieval European kings, because the transportation of food 
about the empire was not yet well organized. If the king, his house- 
hoy troops, and his horde of nobles, officials, servants, women, and 
hungers-on stayed too long In any one place, they would sweep the 
countryside bare of edibles and cause j local famine. 

Three of the four capitab> were maintained in the great cities of Baby- 
fan, Susa, and Hagmatnaa.*" The kings also built a fourth capital, used 
mainly for cere monies, at Paisa in the Persian hills of somhwesicm Iran. 
The Greet* called this place PenepolU, 'Ten,inn City." While each capi¬ 
tal had palaces and audience hulls, those at Pciscpolij were the most 
splendid. 

Here Darius, his sort Xerxes, and his grandson Aitascrxcs 11 labored 
for decades to make Persepolis a magnificent royal corner. The buildings 
-palaces, audience halls, burrocks, treasury, and monumental gateways 
and Jtaucascv-stitod on a platform of scarped natural rock and Jims> 
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stone blocks, about 300 by 500 yards in area, which towered 30 feet 
above the plain aod was in mm overshadowed by the Mourns jn of 
Mercy behind il. 

Of (he many buildings on (he terracep the two audience halls were 
outstanding. Both were square in plan, about 220 feel cm a side, with 
gleaming walls of mud brkk covered with gold leaf. The iQes of the 
roofs plated with gold and silver, Sashed d™rlingly in the dear Iranian 
dr. 

Thirty-six columns. 7 feet thick and 65 feet inll upheld the roof of 
the older audience hull. These slender columns were of more delicate 
form than was usual at the time, they made the columns of the Hypostylc 
HiD of Rameses II look sejuut and graceless by eomparisoiL The capital* 
of the Persian columns took a form peculiar to Achaemenid art. Kadi 
COoslded of a pair of ihe forequarters of animals—bull^ lions, or com¬ 
posite iiionsiets—kneeling back bo back. 

The later building, the Hall of a Hundred Columns, was similar, albeit 
the columns were smaller and more numerous. These kings put up simi¬ 
lar buildings elsewhere. At Hagmatana, “not a single plank was left un¬ 
covered’ beams and fretwork in the ceiling, and columns in the arcade 
and peristyle, werr overlaid with plates of silver and gdd r while all the 
tiles were of silver.”* 3 

In — 33 1, Alexander the Great burned the buildings at royal Feisepol is 
Historians disagree as to whether he did [fib in a drunken rage, as a 
piece of adolescent vandalism P or as part of a deliberate policy to prow 
to the world the end of the Persian Empire. Some think it was an acci¬ 
dent, but we shall never really know. 

Strangely enough, this destruction helped to save some of Persepolis 
for us. even though Pen&pdJs is a min today. The mud-brick walls have 
dissolved away* and earthquakes have shaken down most of the stone¬ 
work. Only 3 few of Xertes 1 graceful columns still rise against the bright 
blue Persian sky* 

Nevertheless, much more b left of these palaces than of the royal 
buildings in the nlhct three Persian capitals. After Alexander's destruc¬ 
tion, Pel-Spoils was deserted, since if was at best a sitnull town in j 
sparsely settled, mountainous Lind. So the rum* remained much as Alex¬ 
ander left them. The other capitals, however* continued as great cities; 
and over the centuries the local people carried off the stones of the 
palaces for their own use, until today almost nothing is left of the royal 
edifices. 

Since the Persians; had never produced a chu of architects, their king* 
called upon the subject people*, Conscqucmly their palace* were built 
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in a mixed style: Scythian gryphons shitted (he decor with Babylnntiin 
luojirtJ buff li |i. Jikdv ihar Dariui ,wd Xerxes, with thetr intent in- 
Icrtisi in hurt ding Itcps y firm hand on the owt-all designs. 

An inscription of Darius iit Suva idls him, in building his palace, he 
used cedar from Mount Lebanon, leak wood tn>m India, stone from 
Elam, gpfd from Lydia and Bactria. and turquoise from ChOm.'imfcL 4 ® 
It also tells how he used Creek and Lydian masons, Babylonian bride 
makers, and Median and Egyptian goldsmiths. Each of these kings in 
turn maintained .1 studio for llit Greek sculptor I'clcphunus, wliose stu;- 
temporaises ranked him among the fending artists of the lime. 

The long rows of reliefs on ihe ornnmerud stairways at Perse polls, 
fumbh priceless in form at ion about the costumes of the peoples of the 
empire. A relief of Darius giving audience, with Crown Prince Xerxes 
standing behind him. oilers an unexpected dividend in 1 eel mica! knowl¬ 
edge The ihtone whereon Darius sits is supposed to he of solid gold, 
Bui the obvious; turnings of ihe legs and rungs of this chair show two 
things; first, that the lathe bad been invented: and --econd. that the 
throne was really of wood with a plating of gold, Nobody ever turned a 
solid gold chair kg on a lathe! 

Another Near Eastern people, who flourished at ihe time of the 
Assyrian. CTurldcait, and Pefsiim empires* were very active as engineers 
mu! technicians These went the Phoenicians, who dwelt in a chain u [ 
dry-state—petty kingdoms and re putties—along the Lebanese coast at 
the eastern end of the Mediterranean They 'poke a language very viitiilsr 

h. Hebrew and the present-day speech of Midto Is derived from this 
Punic jonpe, 

Hcrodtotos knew what he was talking nhotu when he spoke of 11 the 
skill which the Phoenicians exhibit in all their undertaking* ' 1 They were 
qtlii-k id leant from r-thcr. and ready t£> transmit their knowledge, Tlieir 
engineers adopted the Assyrian methods of siege warfare, Tlteir cities 
v.eu famed for the smuts.-* of ttair fort iffcrit runs. To avoid 0 yhwtngt 
driukHli? u”u (tilring fhv r.Sj'rrtl CH) Ot jflofc t j 

f of a ''-vh wattr spring Ihat .ssued from the bottom ne u the 
UlanJ The ArwKleiSC* an inverted luimd over the spring and putqjwd 

the filter 3i 1 thrift shrmitih ^ L'Uibitr time. 

Phoenician shrpwrdirs dso ttdvimicd the Art nf dilnhuiMW 
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Ships split into two types: rite war galley, long and narrow with many 
oars and a small sail: and the merchantman. shun and tubby with few' 
oars and a large ^aB. All ships had one single rectangu lui 1 “square^ salL 

The warship needed many oar^ tv dart about in all directions during a 
battle. The mcrchamman* on the other hand. needed the space the lowers 
would otherwise occupy for its cargo and could not afford a large crew 
of rowers. Most ancient rower- Ren-Har 10 the contrary notwithstand¬ 
ing, were free workers, and fairly well-paid ones at that. The esc of 
slaves and prisoners as rowers did not become common until the 
Renaissance. 

There were also ships of an hnermedLare type, with more oars than s 
regular merchantman but fewer than a war galley. Sometimes called 
my&ptirones or ^mussel-boats." I hey were used a* naval auxiliaries as 
pirate craft, arid a* merchantmen in pirate-infested waters An example 
mentioned by Demosthenes was a twenty-oared trading ship, which 
plied the Black Sea. 

Galleys were used for commerce only under exceptional circum¬ 
stances For example, in —Vf the Carthaginian claimed a monopoly 
Of all trade in the western Mediterranean and fed interlopers to the fish 
when they cauuhE then* At this time, certain Greek traders lived fifty- 
oared galleys t<< run the Carthaginian blueludi They could make a 
profit in spite of their horde of hungry rowers because ihc cargo—silver 
from ihe mines of Spanish Taricssos—wa$ both com pact am) preekms. 
Also, such a ship had a f;ur dianec to escape when a Carth-ipnian 
galfcy cumc crawling like a ccij£ps$al centipede over the horizon tn pur¬ 
suit* 

Carthage had started as «a Phoenician colony, founded f according to 
doubtful traditions > in -814 The Phi'erciciaris had already sailed and 
rowed their little cockleshell craft the length and breadth of the Metli* 
temmean and set up several other colonics. 

During the cctirury following ihe founding of Carthage, the Phoeni¬ 
cian developed j warship of a new ami more formidable type, These 
may have been the ships ihm were taken overland in pieces and sent 
down the Euphrates to help King Sennacherib to put down ihe Babylo¬ 
nian rebellion Hie new warship bad a pointed nun it ihe waterline 0111) 
was. specially braced to withstand die shock of ramming. These ships 
ulyj had a solid deck over ihe towers 1 heads to carry figlniag men, 

Whcrcav earltet warships had hui otic bank of oars on each side— 
usually making a lord of fifty Oars, with one rower l-p each oar—die 
new ship had Ihe rowers arranged in parrs on each side. The) were 
seated in sonic staggered arrangement, each man of the lower bank 
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being mboard til, afi of, or bdow hrs scat nuite. The exact arrangement 
has bevn the subject of endless argument in modem times, though most 
audio Hues prefer a vertical stagger. But each rower pulled his own oar. 

The new' warship came to be known as a diere or trireme.** Because 
it packed more muscle power pei foot of length than warships of the 
old single-banked type* it could go faster. 

About —704 a Greek shipbuilder, Amriftoktes of Corinth, h said to 
have carried ibis principle a step further* by placing his oarsmen in 
groups of three, also staggered, though nobody knows exactly how. Each 
man still pulled his own oar. The resulting triers 1^three^r' 1 } or trireme, 
driven at speeds up to seven knots*" by 170 or more rowers, became 
the standard battleship of the Mediterranean (—VI > and fought the great 
naval battles among the Gteeks, the Persians (whose navy was mainly 
Phoenician), and (he CarUiuginums. 





Fje. 2. Four allematJvc plan* tugged for thr aiftnf^iwni of rower, in 
d classical trireme (after Utelli\ The dotted figure i% seated farther aft- 
away from the reader— than his companions. In another possible uTaugrmcnt, 
the lowest mmi is seated farther inboard, so thru his oar h the same len-ph 
as the others. 


The Phoenicians also pioneered in large-scale manufacture, Them 
leading products were woolen goods colored with a deep- red dye ob¬ 
tained from mohusks of the family Muricidae^mall sea snails with 
spiny shells—found along the Phoenicia coaar. The narrow streets of 
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Oltl Tyre reeked with the stench of lire dye works. The Phoenicians also 
turned out mem! wares, which were snapped up by eager buyer* in dis¬ 
tant port*. 

From Ercypt. where it had Ions been practiced, the Phoenician-, bor¬ 
rowed the art of making glass. The Egyptians and Mesopotamians used 
glass mainly for glazing beads and tiles and for making small bottles to 
hold cosmetics The Phoenicians, using the excellent sand found at the 
mouth of the 3d os Rivet,* T developed commercial lines of bowls sod 
other vessels. AU this glass was cast, built up, or ground; glass blowing 
came later. 

The Phoenicians and their neighbors, the Syrians and tire Jews, were 
the hrsi to make glass cheap croud- so that ordinary folk could afford 
glass drinking vessels instead of cups of pottery or metal. In early 
Achacmenid Limes, glass was so precious that only the King of All Kings 
and his grandees could afford to drink from goblets Of glass. But a few 
centuries laier. thunks to the $yre-Phoenician glassnulers, nearly every¬ 
body could afford ihis luxury. 

Although iht Phoenicians were the leading explorers, seamen, titantt- 
fuctiircrs, and traders of their time, nr- people can be good at everything 
at once. For instance. Phoenician art is of poor quality The Phocniciums 
never really tried to develop a distinctive style of their own. Instead, they 
mass-produced cheap copies of the art works of the Egyptians or the 
Creeks and peddled these gimeradss to the eager barbarians on the 
fringes of civilization, from Scythia to Portugal and from Senegal to 
Britain. 

Their literature, likewise* d<*s not seem to have amounted to much. 
SO far as we can judge from the few scraps that have come down. Most 
of it seems to have perished m the destruction, one after the other, of 
the Phoenician cities. For Sidon was destroyed by the Persians in —345, 
Tyre by Alexander in —332, Carthage by the Romans in —14b, and 
Beirut by Tryphon. the Seieucid king, in — 140.“ 

Although the Phoenicians were not a particularly warlike people— 
they were businessmen, not soldiers-ihcy defended their cities with 
fanatical courage .red stubbornness. The Sidon iam burned up them¬ 
selves anti their families rather than surrender to Artaxerxcs. Naturally, 
ihe archives went up in smoke, too. 

Other early Mediterranean peoples also accomplished notable feats 
of engineering before the start of written history. Even though only a few 
written words have come down from tills age in these regions, the silent 
ruins bear witness to the fact that here, too, men asserted their mastery 
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over matte; with all ihe energy, daring, and craft of a modem engineer. 

In the second millennium a.e.. m Crete, a line of sea kings, ruling from 
Knossos, built exquisite unfortified palaces with stone walls and post- 
and-lintel colonnades, Pillars of tree trcmlss, installed upside down lest 
they begin to sprout during the rainy season, supported the lintels. 
Ceramic drain pipes carried away the water from decant baths. The 
pastel murals with which the walls were decorated still show us youths 
and maidens performing perilous gymnastics on the horns of bulls, while 
loog-hairctl Cretan men in loin cloths and ladies in off-the-bosem dresses 
look on. 

Smaller palaces rose at Mallia on the north coast and at Phahtos on 
the southern. Whether these cities were parts of cine realm or capitals ol 
rival states we know not About —1700. an earthquake shook down 
these palaces. Soon they rose again, more splendid than ever, anil -flood 
until the downfall of Minolta civilization about —1400, It is a good 
guess that this downfall ensued when the Cretans, like many other 
Mediterranean peoples, exhausted their forests by reckless cutting and 
by Jetting their goats eat the seedlings of trees, until they could no lunger 
build the swift galleys on which their sea power depended. 

Less gorgeous to look upon than the Cretan palaces but just as im¬ 
portant from the engineering point of view was the stone-paved road 
that stretched away from Knossos and possibly linked all three capitals. 
This was the first stone-paved road in the European area and perhaps 
one of the first m the world. 

During and after the great days of Crete, kings on the Greek main¬ 
land built palaces at Mycenae and Tirym, fortified with thick evdopean 
walls. From a distance these structures look not unlike mined medieval 
castles. Up close, you sec the crude strength of the massive masonry, of 
enormous stones with smaller stones plugging the chinks between them, 
and realize that here are relira of an earlier, simpler, and ruder world. 

The Mycenaean kings also built remarkable beehive tombs for de¬ 
parted royalty. These tombs had the form of huge corbelled domes, 
which, when finished, were completely buried under" tons of earth, mak¬ 
ing artificial hills. Buried with the dead were quantities of jewelry and 
fflavks pf ih'tn hummered go!d T 

During the same period, the people o( Sardinia built no less than 6,500 
thick-walled defensive structures, from single towers to complete castles, 
using the same eyclopcan construction. Interior rooms and passaecs were 
corbelled, so that the rooms had a tall conical shape, The prehistoric 
Maltese, using similar methods, raised nearly a score of huge stone 
temples. 
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So, as far as engineering is concerned, the Golden Age of Greece was 
a natural outgrowth of the technical method* already worked out by 
various Mediterranean peoples in the days before written history. While 
mighty monolithic empires rose end let! in the river valleys of the East, 
the Mediterranean folk—lively, garrulous, enterprising, and often ir¬ 
reverent—are w swiftly in technical skills, until they bade fair to overtake 
the older cultures of the lands of morning. 


THE GREEK 
ENGINEERS 
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Around “1000, when David and Solomon reigned in brad, the 
young Mediterranean dvdization of Crete and Mycenae sank under the 
invasion of the Dorians and other barbarous newcomers. Three to four 
centuries later, the invaders had minded with the natives of the rocky 
isles and rugged shores of ihc Aegean Sea to form a new folk, the Hel¬ 
lenes or Greets The Greeks dimly remembered the cultured cm before 
the invasions in legends like ibosc of the siege of Troy, the wanderings 
of Odysseus, and the reign of King Minos in Crete, No true. trustworthy 
history, however, survived from that elder day, because no writings that 
anybody could read came down. 

Easi of the Greeks, four mighty kingdoms throve; ibe Lydian, Median* 
Chaldean, and Egyptian, all soon to be engulfed by the rising Persian 
Empire Their influence, brought overland through Lydia and oversea 
by the Phoenicians, stimulated the Greeks to develop a civMkatioh of 
their own. Authentic Greek history logins about —700. For the first 
century, however, this history tells us Jjttk save I hat ibis seafaring folk 
founded colonics on many shores of the Inner Seas, from Spain to ihe 
Crimea* and maintained a shadowy spiritual unity by athletic meets 
every four years. 

The time from the early -500s to the lute -400s h called the Golden 
Age of Greece, because then the Greeks made extraordinary advances 
in art, literature, science, philosophy, and dcmoeraiic gov ern men ! . But 
the Greeks of the Golden Age did nut snatch their ideas out of tbe shin 
air of Mount Olympos* 
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Their bud is not rich, li h rugged beyond the conception of anybody 
who has not -,;cn it; the landscape looks somewhat as the Grand Teton* 
would look if they were lowered until the sea foamed about their feet. 
The interior is so cut op by mountain ranges that communication with 
the gods must have seemed easier than communication with a town 
across the ridge. 

The Greeks borrowed ideas from the Egyptians, the Babylonians, and 
the Phoenicians, much as these peoples in their time had borrowed ideas 
front each other. The remarkable thing about the Greeks of the Golden 
Age is that they made so much of their borrowings so quickly. 

In Greece we see the first hint of the connection between engineering 
and pure science, which has become a commonplace ol the modem 
world. Pure science in Greece, freed for the first time from priestly 
supervision, developed haltingly. The first surge in science took place in 
Miietos, on the western shores of Asia Minor, Here in the —500s 
flourished die astronomer and physicist Thales: his pupil the geographer 
An a sima ruins- and the latter's pupil Anaximenes. The mathematician 
Pythagoras (ted from nearby Samos to escape the tyranny of the local 
political bo'-h. Later, other Ionian thinkers pondered anti wrote On na¬ 
ture, geography, and history. 

Hardened by incessant warfare among their liny rity-states, some of 
the Greeks of European Greece sent help to the Greek cities of Asia 
Minor when the latter revolted against Persian rule. Alter crushing this 
revolt, the Persian king Darias 1 looked sternly across the Aegean Sea 
ai those he considered trouble makers He had already, in —512, con¬ 
quered Thrace ami reduced Macedonia in a tributary slate with the help 
of a Samian engineer, MandrcJdc*. who built a flailing bridge across 
the Bosphorus. 

So, in —490, Darius the Great sent an expedition by seu against the 
Athenians, whom he deemed the worst troublemakers of aJL The Per¬ 
sians lauded at Marathon, eighteen miles northeast of Athens across the 
tapering Attic peninsula. The Athenians matched to meet them with 
their heart* in their mouths. Fur the Persian force, though 'mail, still 
outturn] he re. I the Athenians: the Persians were practically unbeaten: and 
the promised help from Sparta bid not yet come. 

Here luck and technology came to the aid of the Athenians. The in¬ 
vincible Persians depended on foot archers and cavalry. The archers, 
shooting from behind a palisade of wicker shields, softened up the foe. 
Then the horsemen swarmed out and cut the enemy to pieces. 

But, as a result of some logistical difficulty like that which sent Teddy 
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Rooscvdh's Rough Rider* to Cuba withoui iheir mounts. (he Persians* 
horses had failed to reach the scene. So the world's must dashing cavalry 
weto condemned lo stumble about on foot as best they could. 

Moreover, Greek bronzxsmlths had already developed a new suit of 
armor for the Greek heavy infantryman or huplites. A hronzen hdm wish 
a towering horsehair crest and projection^ ro guard hb nose,, checks, and 
neck protected his head A bronze cuirass, molded to fir his manly fenn, 
inclosed his torso. A kilt of leather straps studded with bronze buttons 
warded his lotus, while bronzen greaves protected his legs, HU shield was 
a circular structure of wood am! leather, a yard across, with a facing of 
thin bronze. The Greek soldier s main offensive weapon w»s a short 
stabbing spear He used his short frmad chopping sword only when his 
spear was lost or broken. 

The Persians had no such panoply Later in Xerxes* time, they began 
to hi heavy cavalry with shin> of iron scale mail. But it is unlikely that 
any of Darius' soldiers were so equipped Mom of Them, probably, went 
into battle simply in their uniform hats* coals, and trousers* with a spear 
and a buckler. 

In addition, the Greeks had developed the art of infantry drill beyond 
that of oiher people. Instead of rushing forward in a disorderly crowd, 
with each captain leading hh own little knot of fighters, the Greeks hud 
learned to march in ranks and files to the time of flutes and to dress 
their lines, so I hat a company presented a bristling* impenetrable hedge 
of spear* and shields. They may even have marched in step 

When the Athenian line advanced, the Persian archers loosed their 
withering blast, The Athenian* failed to wither: they plodded ahead, 
arrows haunting from iheir bronze defenses. Then they charged. Once 
at close quarters, they had Ibdf ana more d foes at a grievous dbftd- 
vantage. 

In the center the Persians drove back the lobster-shelled Hellenes by 
weight of numbers and fierce fighting IJul the Athenian wings dosed tn: 
the tight became :i massacre; and the Persians fled to then ships, leaving 
over six thousand cn the field. 

To the BAisiuns, this was a minor bonder skirmish To the Greeks, on 
the other hand, it was an event of great nuunem. for it gjive them (he 
eounige to face the much greater host that Xerxes Led into Greece twelve 
years later. 

In -430, Xerxes decided to end the squabble With these belligerent 
Westerners by extending Tiiv sway over European Greece So he ordered 
a bridge buili over ihe Hellespont The bridge was built but destroyed 
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by a storm Xerxes had the engineers beheaded and appointed others, 
headed by the astronomer Harp. I. 

Warned by their predecessors' fate, the new crew built a bigger bridge 
with larger safety factors. The engineers anchored 674 galleys in a double 
line. They connected each line by two cables of flax, weighing 50 pounds 
a foot, and four cables of papyrus Long planks were laid al right angles 
to tlic cables, brush was piled on the plonks, and earth on (he brush. 
Over this bridge Xerxes* vast army-perhaps more than 150,000 soldiers, 
with seven] times that number of noncembatants—passed in safety, most 
of them to leave their bones in the stony soil of Hellas.' After his navy 
teas crushed at Sahunfs. Xerxes took one of bis three army corps back 
to Asia Minor; another was smashed by the Greeks at PLituiti; and, of 
the rcfiiainilcr, many died of starvation during (lie retreat. 

Athens emerged Seoul the struggle as the lending siate of Greece. To 
wage the war against Persia, which dragged on for another thirty years, 
the Athenians and their allies formed the Delian League. Members sent 
money for ships and arms to the League's treasury at Delos. 

Soon, however, the Athenians moved the treasury of the League to 
Athens and transformed (he League into an Athenian empire. Thus 
began the Golden Age. Peri kies, ore of history's greatest statesmen, rose 
to power in Athens, in his charm, dauntless courage, many-sidedness, 
high-minded ness tempered b\ low political cunning, and sagacity flawed 
by extravagance and a weakness for the grandiose, he reminds one of 
Franklin D. Roosev elt. 

Now, Peri kies was a ruthless imperialist. Though that was not then 
considered wrong. Determined to make his beloved Athens the most 
beautiful city on earth, as well as the world capita] of the arts and 
sciences, he spent the Delian treasury on a huge program of building. 
When the other members of the League protested, PerikJcs told them 
that so long as Athens protected them it was none of their business 
what was done with the money, 

In —4Sri. Xerxes’ soldiers had burned the old temples on the Athenian 
Akropolis. During tire -440$ and —430s, Periklcs retained the leading 
artists and architects of the time to cover (he Akropolis with temples, 
shrines, and statues, the very ruins of which today provide one of lire 
world's most splendid sights. 

The Akropolis. a great ship-shaped (lat-ioppcd rock, towers over (Ire 
city. Worshipers dim bed the sleep western slope along a jjgzni pmh 
lined with statues. A( the lop, this path led through a monumental gate¬ 
way, the Propylab, remarkable for the use uf wrought-iron bats to rein* 
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force the marble ceiling beams. This is the first known use of metal 
Structural members in building. 

The aperture of ilte Propylak framed the Parthenon,* nr temple of 
Athena, a hundred yards away and a link 10 the right. The Parthenon, 
bufll by die architects Iktinos and Kulliknites. covers an area !0i by 
223 feet. In building it. the architect* deliberately used clever optical 
illusions. Many of rhe lines that one would expect to be sirair.hr are not. 
The columns have a slight bulge and lean slightly inward. The steps sur¬ 
rounding the temple bulge slightly upward in the middle. The columns 
M the comers art ii little thicker than the others lest, having only the sky 
bchind them, they appear thinner. The architects artfully exaggerated 
the natural perspective to make die temple look even larger and grander 
than it really is. 

Similar refinement-, were used in later temples. Impressive as the sur¬ 
viving Greek temples are, however, the emotions to which they give rise 
are probably due less to the artistic skill of Ikrinos and his coltcacues 
than to the associations that they conjure up. To an educated modem 
tniin, a Greek temple is not just a mass of masonry , of good workman¬ 
ship if somewhat primitive design. Instead it is Zeus and Aphrodite. 
Jason and Achilles, nymphs and ccmaun. Marathon and SalamlsJ 
Homer and Pheidias, Periklc* and Plan.,, and all the other glowing 

images that the concept “undent Greece' 1 evokes, as if it were one of 
Keats's 

Charm'd magic cavemen I*. opening on the foam 

Of perilous was, itt faery lands forlorn.* 

Tor the Parthenon's statues, Pt/ikles hired Pheidias, the leading ^culp- 
lor erf ihe age. Pheidias had already made j thirty-foot bronze colossus 
(if Athena Polias/ which stood about a hundred feet beyond the 
Propylaia, to the left of the Parthenon. 

For the main hall of the Parthenon, Pheidias created n huge gold- 
and-ivory statue of the goddess, Ik also executed, for ih^ pediments at 
ihe ends of the roof, two groups of statues representing scenes f/om the 
myths of Athens. And he supplied the many motel lies* reliefs for die 
IriLve around the main wall and for the metope* around the entablature 
( ihc structure juSI above the columns and below the roof ). 

Later, in EUt. pheidias made a gold-und-ivery statue of Zens for the 
temple at Olympia. This statue was listed among the tmckiu Wonders of 
ihc World 

There are various tales of Pheidias’ fate. According to Plutarch, whose 
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account teem* the mow plausible. Phd(iii> returned to Athens but was 
there attacked by Pcrikles' political enemies. These accused him of steal¬ 
ing some of the gold for the statue of Athena and of impiously carving 
his own face on one of the warriors in the reliefs. The sculptor was 
accordingly pul in prison. W'here a sickness carried him off. 

For almost n thousand years, the Parthenon shed its glory on Athens, 
Then, like many other temples, it was converted into u Christian church, 
This invoked removing statues, cutting doorways through the walls, and 
bricking up the spaces between the columns to make new walls. The 
gOld-atuMvory Athena disappeared, so today we can only guess jit its 
appearance from what we know of the conventions of Greek religious 
art 

Later, under the Turks, the Parthenon became a mosque; but it was 
still in fair repair in 1687. At that time the Turks, at: war with the Re¬ 
public of Venice, stored gunpowder in the temple. A German gunner 
with a besieging Venetian army dropped a mortar shell through the roof, 
igniting the stored powder and blowing out the whole cent of part of the 
temple. 

After the city fell, tbc art-loving Venetian general. Francesco Mnro- 
sini, tried to remove tbc chariot of Athens from the West Pediment. But 
the workmen, unused to such a task, dropped the sculpture and smashed 
it 

When the Earl of Elgin wn*. British atnhaisrtdrir 10 Turkey in ISOt. he 
found tint the Athenians <iT thut less artistic age were feeding the rc- 
m:iinirij> sculptures into limekilns. Getting permission front the Tufkish 
government, which cared nothing about such things, Elgin removed most 
of the remaining sculptures and shipped them to England. When the 
ship transporting the marbles ran on a rock oil Ky there and sank, Elcin 
hired divers to bring up the sculptures and finally got them to their 
destination. There he sold than to the British Museum for £36,000— 
little more than half of what he had spent in collecting them. 

Thirty years bier, when Greece became independent, the Greeks de¬ 
manded the sculptures back, but to this day the Elgin Marbles continue 
to dwell in London. 

In -KXX the Greeks, with the help of American donations, began to 
put the ruins of the Parthenon back together. Reassembly and restora¬ 
tion have continued slowly on the Akropotis ever since. Framed in the 
doorway of the Pxopviuia, the Parthenon, even in ruins, Is still a breath- 
inking sight. 

However, tire traveler who wants to re« Greek temples more or less 
imaci does, better to study the temple of Hepluirtos (the so-culled 
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‘Thcscum' 1 ) in Alberts. or the tempter at Paestuni in sou them Italy, ami 
at Scgcste and Agrigento tn Sicily. Bui. while these temples are struc¬ 
turally better preserved than the Parthenon, those in Italy and Sicily Jack 
its finish, For the western Greeks, not having the excellent nmrbte* of 
Aegean quarries. coated their temples with stucco. This has now wutn 
off, leaving a rough unci pitted surface. 

Of the other Greek temples, some, like those at Selirtunrc in Sicily, 
have been shaken down by earthquakes. Some, like rhe temple of Zeus 
at Olympia, were pulled down on orders of the Roman emperor Theo¬ 
dosius II to suppress competitors of Uie new state cult of Christianity 
(TV), And many were demolished by Byzanlines. Crusaders, or Turks 
who wanted the stone for building and fortification. 

To recapture the full beauty of the Parthenon when new, you can find 
faithful small models in museums, such as the Metropolitan Museum of 
Art in Mew York, There is even a life-sized replica of this temple, in 
concrete, in Nashville, Tennessee, the interior of which is used as an 
art museum The Nashville Parthenon. alas, is defective: in iwu regards. 
Ftrsl, the concrete is not very good and is already crumbling Second, 
whereas on the side W'atU of the original Parthenon no two reliefs were 
alike, the builders of the Nashville replica saved money at the cost of 
authenticity hy making the friezes on the two side? duplicates, 

Greek temples f of forced a design that spread all over the Mediter¬ 
ranean world, lasted for centuries, was revived in Renaissance Europe, 
and is still used in modified form in some modern art museums, banks, 
churches, and memorials. 

The earliest Greek temples were small boxlike building of brick or 
stone, housing a rough-hewn Image of a god. Over the temple rose a 
low-gabled roof of wood, except that in a few temples the center was left 
open to the sky. 

The Greek temple was strictly a god-house, only the priests were 
allowed inride, To shelter worshipers from the rain, the side walls and 
roof extended forward (n form a small porch, A pair of posts an from 
tree minks held tip the roof over this porch. The Greek* never invented 
a true roof truss, wherein a series of beams .ire turned together to form a 
rigid structure made up of triangles. Instead, they relied upon an elabo¬ 
rate system of pasts and litileU. 

As time went on, the Greeks built more splendid temples. Marble 
column* took ihc place of wooden posts. Stone replaced brick in ihe 
walls. Slone architraves—the long horizon Sal members resting nn top of 
the columns and holding up the roof-took the place of wooden Hutch. 
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Statuary filled the pediments—the triangles formed by the gables at the 
ends of the building Roof tiles were substituted for wooden shingles. 
The roof, now upheld by rows of columns running clear around the 
building, extended out in all directions. 

Temples grew- larger and larger The Didymdan near MjUjJos covered 
an area I fit) by 360 feci and was surrounded by a double row of 6(Moot 
column* Of about the same size was the Artcmbion of Ephesos, better 
known from the Bible (Acts sis) a? the temple of Duma ol the Ephe¬ 
sians, 

This temple began as a small shrine {—Vltlj ytid pew by successive 
rebuildings. For the re bufldkig of —600, the ^rchitcci Chersipbron de¬ 
vised an ingenious scheme for moving column drums to the site. Pouring 
that if he loaded them on carts, the carls would get stuck, he fined a 
wooden frame around each column drum with a pivot on each end 
Then he had each drain pulled h> a ream of ozen, rolling along on its 
side like a fawn roller, 

A still larger version of the Anemision endured from —540 to —356 t 
when a youth named Herostratos* craving eternal notoriety, set fire to it. 
The final version, with one hundred 6£Moot coluntmt, remained intact 
until the Goths destroyed n in -*-262. 

In such major structures, Greek architects avoided the me of momr. 
Instead, they trimmed their stones to an extremely accurate fit and 
bonded the marble blocks together with 3-shaped iron cramps. After 
chiseling slots in the adjacent parts of the blocks, they inserted the cramps 
and poured molten lead into the space between the iron and the stone 
to make oil secure. Ancient buildings from classical times are often pock- 
marked where greedy men of later ages chiseled out these cramps to sell 
the mcipuL 

Like the Egyptians* the Greeks persisted fn using: the architectural 
forms that they were accustomed to from the days of wood All the 
details of the entablature, with its cornices, friezes* and so fnrlh, were 
copies in stone of wooden structural elements. Greek builders even imi¬ 
tated the pegs that held the ancestral wooden structure together by adding 
til tie stone knobs called “drops. ”• 

In spite of the emotional effect shat Greek temples have on the mod¬ 
em beholder, from the strictly engineering point of view Greek lempfe 
design remained com para lively static and imptogressiYe. The architects 
not only failed to invent the roof truss, hut they- did not* until late Ro 
man times, try out the arch, long known in the East. 

The earlier Greek architects developed two srylcs of temple, distill 
gmshed mainly by the shape of the capitals at the tops of the columns. 
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The Doric capital, much used on die Greek mainland, bad a simple, 
bulging, cushion-shaped surfaced The supreme example of the Doric 
temple was the Parthenon, 

The Ionic column, first used in Ionia, had 3 more ornate capital, whit 
a pair of spiral ornaments on each side. These spirals, called volutes, 
are probably derived from some of the leafy forms that the Egyptians 
gave the tops of their columns. Each style of temple hud elaborate rules 
of proportion and detail, Doric columns, for Instance, were supposed to 
be about eight diameters tall, while funic columns were nine times as 
tall as their diameter. 


At last the architect Kallimuchm f - V > got bored with endless minor 
variations of the same two orders of Creek temple and invented a new 
order, die Corinthian. Vitruvius tells a charming story about this in¬ 
vent ton: 

_ A girl, a native of Corinth, already of age to be married, was attacked by 
disease and died. After her funeral, the goblets which delighted her when liv- 
tng, were put together in n basket hy ber nurse, carried to the monument, and 
placed on ihc top. That they might remain longer, exposed to the weather, 
she covered ihe basket with a tile. As it happened the bosket was placed upon 
the root of an acanthus Meanwhile about spring lime, (he root of the acan¬ 
thus. being pressed down m ihc middle by the weight, put forth (eaves and 
,h ‘ lH,v ^ up ihe sides of The basket, and. being pfr ed dtmn 

111 •*» all riM by the force of the weight uf the tile, were compiled m form 
the curve* of votuln j| the extreme parts. Then Callimachus, who for the 
elegance sad refinement of hU marble carving was nicknamed cototechnot 
I ' ,aTli ’ 1 Athenians, »u pacing the monument, perceived the 

basket and the y oung Iciro growing up. Pleased with the style and novelty of 
the grouping, he made columns tor the Corinthians on this model and fixed 
(he proportions.* 

In actual fact, the Ionic capital evolved into the Corinthian by grad¬ 
ual dyecs. by the addition of more and more plant elements, In time 
the ornate leafy splendor of the Corinthian diffused about the Greek 
world Later, the Romans took it np and spread ii from Spain to Leba¬ 
non: and men of the Renaissance, loving its showy intricacy brought it 
down to the worht of today. ' • 

Meanwhile. Inside the temples, the crude wooden eidolon of the 
earliest temples became □ beautiful stab* of marble, bronze, or a com- 
tnnation of mnk rials r Marble statue* were prated to look tifdike- bay- 
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tag a marble statue in its return] torpid ike pallor U a modem idea. 
Starting with crude imitations of stiff Egyptian statuary, the Greeks of 
the Colder Age produced the greatest sculptors of all time. 

Never has any people gone in for statuary with such ealbusiiwn. At 
first their sculptors made statues of gods and heroes, then statues of 
everybody of importance, until each small town was decorated with 
hundreds of statues and every city with thousands. Roman generals 
plundered Greece of thousands of statues, but them were still thousands 
left, 

Oidy ;t handful of these statues, however, have come down jnraeL 
What we have, with few exceptions, are fragments and late Roman 
Copies. Those Greek originals that have survived whole usually did so 
by being buried—accidentally or on purpose—or being sunk to the bot¬ 
tom of die sea. Whar Greece still has in abundance are the marble bases 
of statues. In the upper surface of such blocks appear a pathetic pair 
of footprints, where the statue's feet once rested. 

Most of the statues disappeared during the Dark and Middle Ages, 
when Christianity taught people to despise pagan art, Ruteri melted the 
bronzert statues for money, while peasants broke up the marble ones 
with sledge hammers and cooked the pieces in limekilns to make mortar, 

Another characteristic Greek public structure was the theater. The 
Cretans of the Minoan Age seem to have devised the lint places where 
people sat on tiers of benches to watch a public performance; in this 
ease bull-grappling. All that we know of this perilous procedure is what 
we can infer from Cretan paintings. We do not know whether the Mi¬ 
noan bullfight Was mainly a religious ceremony, a sport, or a means ol 
getting rid pf prisoners. criminals, and other unwanted persons. 

Theaters in Greece evolved out of simple open spaces for die per¬ 
formance of rdigious rites. Greek drama developed from these rites. A 
site in the shape of a half-bowl was soon found to lie the most con¬ 
venient. Ai Gist, terraces dug in the hillside served as seats. Then wooden 
seats were provided, and finally stone seats. In democratic states, the 
theater also served ,t$ a place for the citizens tn meet and be stared to 
wise or foolish action by their orators. 

The first theaters had two parts: the theetiron or “seeing place,” the 
sloping semicircular part where the spectators sai; and the orchestra or 
"dancing place,” the dai section in the middle where the action took 
place. 

i-utcr was added the ,L biii'th J ' or '-kcric. whence our word ''scene,” 
This was a building, at first of wood, facing the audience across the 
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orchestra, There the actors kepi their costumes and props and thence 
they entered the stage. 

fn the Golden Age. the enlarged skenc was equipped with, advanced 
stage machinery far producing special effects, There was a hoist for 
lowering m the stag; an actor dressed as a deity, when I he play tailed 
for a god to step in ai ihe dfmax and set things to rights, much as ihe 
Lone Ranger does on television today. Hence the term detm es ttwehim. 

The skene mighl also have wings on which were mounted triangular 
wooden prisms, the periaktoi. whereon were painted scenes to corre¬ 
spond to the acts of the play. The prisms were turned to show ihe ap¬ 
propriate scene. A similar scheme is used in advertising displays nxiay. 

The Greek', knew the wave nature of sound and developed a I beery 
of acoustics for use in planning their theaters, Tire acoustics of the 
theater at Epidauros arc so good that today tourist guides tlemonsirate 
them by striking a match while standing in the orchestra; the scratch 
is easily heard hy tourists on the upper benches. Architects also placed 
vases of bronze or pottery about a theater, with their open ends pointing 
towards the orchestra, to act as resonators? 

In addition to all his building and Ills rostering of ait, Ferities was 
probably responsible (or the Lone Walls, a noted fortification at Athens, 
These walls extended four miles from the city to ihe Saronic Gulf. They 
art thought to have been ns high as th*M of Pdraittts, the port of 
Alberts, which were 60 feet tall. Originally two walls were built, one 
from Athens to the harbor jest west of the peninsula ot Pei micas, while 
the other inclosed the .mall seaport of Phnkron. Then a third wall was 
built between the other two. close to the Priraic Walk and the PbaJcric 
Wall was allowed to decay. 

These Long Walls enabled Athens to hold off the Spartans during 
the Peloponnesian War. The superior Athenian navy kept the Spartans 
from interfering with Adieus' foreign trade, while the Long Walls pre¬ 
vented the powerful Spartan army, which lacked siege machinery, from 
cutting olf Athens from its seaport. When the Spartans destroyed the 
Athenian Heel ,il Aigotpoiamoi, they made the defeated Athenians tear 
down the Long Walls, but ihe walls were soon rebuilt. Corinth built a 
pair of similar walls to its seaport. 

Nest. Periklcti decided to develop ihe Petraic peninsula, with its three 
excellent natural harbors, a* the port of Athens, Tor this purpose be 
imported an architect, Hippodamos of Mlletos, iu lay out a new 
dry. ' 1 

Hipptxbnios planned PdntJHii on the grid plan, long known in Meso- 
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potaniin und India, with struct wide streets crossing at right angle*. 
Whether Happodamos got his ideas by travels in the East we know not. 
He was an Individual who dressed eccentrically and wrote one of the 
first ulopsan tracts, veiling forth his constitution for utj ideal city. Among 
other things he proposed *'io honor those wins discover anything which 
is useful to ihe state.This might he considered the first proposal for 
a patent law. In later centuries, grid plans like Hippodu trios * became 
usual for new Greek cities. 

The Feriklean Age, so swiftly progressive in other respects. was a umt 
of ami'scientific reaction in Athene Ttie initial surge of scientific effort 
across the Aegean in Ionia had spent itself. The lonians' doctrines had 
ot best been highly speculative; with few facts to go on and little idea 
of experiment, they made $o many guesses about ihc problems of nature 
that they were bo and to be right sometimes. Bui at least they sought 
rational answers to mundane problems instead of resorting lo dreamy 
oracles, and other supernatural sources. 

N T oi (hat Pcrrklo himself was ami-scientific. He was a friend and 
patron of all Athenian intellectuals, scientists included. One of his 
Friends was the elderly Ionian philosopher* Anaxagoras of Kliizomcftai. 
who had settled in Athens, Here Anaxagoras taught that the sun was 
"a mass of red-hot meml B „ . larger than the Peloponnesos," ^nd “ihat 
there were dwellings on the moon, and moreover hills and ravines.* 11 
Because of these teachings, Perikle*’ enemies brought a legal action 
apinst Anaxagoras on grounds of impiety. Peril;Its saved his life, but 
Anaxiigoms had to pay a heavy fine and leave Athens, 

Periklean Athens harbored plenty of philosopher*, hut most of these 
ifrene not scientifically inelimrd. Even the greal Sokrates was :mti-sci- 
emific. priding himself on “refusing to take any interest in such mutters 
and maintaining that ihe problems of nnmnd phenomena were either 
too difficult for the human understanding to fathom or else were of 
no importance whs (ever to human life."* 2 

Sok rates" pupil Plato. 1 " although an enthusiast for mathematics, was 
otherwise even more anti-scicnfiflc than Eokralcs. fie sneered ai ex- 
pcrimentijJ science: 

. . . that knowledge only which is nf being and of the unseen can make 
the *oul look upwards .md whether a man gape** at ihc begum Of htinkv At 
the ground, seeking to kum -*ome particular of sense. I would tkny that he 
can (earn, fur nothing of ihai sort it veknee . # , in astronomy, ns In gcomc- 
try, we Ahoulit employ problems, and let the heaven* alone . , , 14 
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In other words, the “true’* astronomer should dredge correct knowl¬ 
edge of the universe out of his inner consciousness, without bothering 
about stars and planets, 

There were, however, some real scientists in ihc Golden Ago besides 
Anaxagoras, and some of them were engineers as well. One, for in¬ 
stance, was Archyta* of Taras (Roman Tarenitun, modern Tamnioj, 
a Greek city in southern Italy, Arebytas was seven times elected presi¬ 
dent of his city, yet he found! time to solve a number of problems in 
mathematics and mechanics bind to moke several inventions, including a 
cjitldmule and .1 mechanical bird that flew bv compressed air. Some 
his toristis of technology think he invented the screw. 

Archvias was a friend of Plato despite the Jailer's bins against science, 
especially science of practical utility. Bciwecn -367 and -357, Plato 
twice vrihed Syracuse, then under the tytannm Dionysius the Younger, 
(The Greek word meant ‘ boss'" or “dictator," whether or not his role 
was oppressive or tyrannical in the modem sense > Here Plato tried to 
put into effect liis theories of making kings into philosophers and phi- 
JosopHen into kings by preaching to Dionysios on the gkirics of constitu¬ 
tional government and the duty of sovrans to act virtuously. At last the 
tymnnos lost patience, put Pluto under house arrest, and would probably 
have had him killed had not Arehytus sent a galley to rescue him. 

While the Greeks took over foreign engineering ideas and improved 
upon lhem, Greek engineering was, on the whole, m« so remarkable ns 
Other Greek achievement*. Although the professions of architect tarrhi- 
tektan ), engineer (teciwhi \), and machine maker [niichunopvios) were 
recognized as. respectable, Greek technical achievements of the Golden 
Age were rather modest. One reason, no doubt, was that no Greek 
rily-state commanded the wealth or the manpower to execute grandiose 
public works, like those of the watershed empires, 

Most Greek roads, for example, were mere tracks. Some uf these 
tracks followed the beds of Greece's many dry rivers, streams that ran 
with water sifter winter ruins but were dry the rest of the year. 

Elsewhere, a road was often a pair of tuts—dug. chiseled, or simply 
woru-in (he stony soil. Sometimes the nils were Lined with mt stone 
and provided with swiiches and ridings like those of a railway. Each 
nit was about 3 inches wide u.nd 3 to 6 inches deep. The gage-the dis¬ 
tance between the centers of ihc rats-varied in different places from 
4' 6" to 4' IF. Hence a Syracusan who brought his chariot to Athens 
found (hut his wheels were few far apart to fir the ruts. 

The streets of most Greek cities were muddy, lilihy alleys, although ^ 
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tew were paved with slabs of fktcbionc, with ^ dressing of mortar. There 
was no attempt at drainage, The stroller harkened to the cry nf rxttrrf 
(“Coming outl**) which meant that a load of refuse was about to be 
thrown into the Street- 

Tie priv.de houses of even the larger cities were stnaTJ and undis¬ 
tinguished. T he) followed the Near Eastern pattern wlih a blunt wall of 
mud brick toward she street and a 13 the rwnti opening on an inferior 
ccurtyanl 

Some public works were undertaken to improve she land. The sleep* 
rocky slopes and short, swift, inrentiitrent rivers of Hdlas did nor lend 
themselves to triigatkm But the Greek engineers undertook to drain 
mnr*hts< not only because they nreded more land for farming but also 
because they had a vague feeling tTun bad air or “harmful spirits* 1 J 
rising from ihe marshes caused disease. They were not entirely wrong, 
except that the disease-carrying agent was not air or spirits but the 
malaria-bearing mosquito* 

At the time of the Persian Wars f—V) the leading statesman of 
Akragas 1 " in SkiLy was the magnate and philosopher Em periotic v 
This briinam if eccentric thinker devised the theory that all matter te 
made of four elements: earth* air* fire, and water. EmpedoWcs also 
unproved the health of the people of Sdinous"' by draining the local 
marshes. 

About the same time, the architect Phatax provided Atragas with 
an elaborate system of water channels and tanks to furnish the citizens 
with water from nearby sources. Phases water mains can stOi be ex¬ 
plored, albeit with some tabor and risk. 

In Greece proper, marshy Lake Kopalv in Bolotin presented a dif¬ 
ficult engineering problem- This lake hud several inlets but no outlet 
on the surface. The waiter escaped through underground channels in the 
surrounding limestone mountains. From time to time. ihfcse channel* 
became blocked In silt, or an earthquake cut ihcm off by faulting. Then 
the lake rose and flooded the towns on rise marge. 

From prehistoric times, efforts wre made to drain the take by driving 
two artificial tunnels under it Later, Alexander sent sin engineer to 
clear the channels, and other engineers continued these efforts into late 
Roman limes. Then, with the general decay of public works, ihe take 
was allowed to RU up. In the 1890s the channels were once more opened, 
so rhat today the take bed is ^olid hmnhind. 

Another pick-and-slimel project, at which several Greek engineers 
had a try without success, was digging a racial atsrttti the hthmus of 
Corinih, which joins the Peloponnesus to the rest of Greece. Several 
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ancient rulers, beginning with Pfcriitndnis, tym rmm cf Corinth 3 Knot 
—600* attempted this task, but nil found the job too big for them. In- 
Stead* small ships were pulled across the isthmus on the ditAkos, a Lind 
of tramway, by means of roHm. 

Herodoro* told of what he considered the three greatest engineerinE 
works of the Greeks in hi* day. AJl were on the island trf Samos. One 
was a temple, and as for the other iwo* built under the tyiannos Polvk^ 
rates: 


One 1 is it tunnel, under a hill 900 Feet hiph, carried entirely ihmsigh the base 
of the MH, with a mouth at cither end. The length of (he cutting u aknotf a 
mile— the height and width are each eight feel Along Ihc whr,f e course there 
is 3 second culling, thirty fee? deep and three feet broad, whereby writer is 
brought, through pipes, from an abundant souree to rhe city. The architect of 
this tunnel wa* Eupalinos, of Natiiirophm* a Mcgferim Such is Ifre first 
of their great works: ihe second is a mole in the iea, which goo all round 
the harbor, nearly E20 feet deep, and in length over 400 jartbJ* 

Tliis tunnel, explored In the IBT&s und EGs T tamed out to be smaller 
than Berodotos had said, h was 3,300 feel lone and abtiui 5 5 feel in 
width and depth, wiih a trench for the day pipe 3 to 25 feet deep. The 
htnnel was cut from both ends. The crews missed making a perfect join 
in the middle by 20 feet horizontally and 3 feel vertically. Hence The 
Eunfii_l has a kink in the middle. But, to make even that close a meeting, 
Eupalirjns must have used surveying instruments, though Just wfral kind 
Is not known* 


The Golden Age of Greece was brought to a dose by Sparta’s defeat 
of Aihens in ihe Peloponnesian War i —431 to -Amy Sparta was a 
HTiiul! town in a broad fln! valley, which lay between towering mountain 
ranges m she southern Pdoponnesm. 

"v* original Spanans had conquered various neighboring peoples, 
mndc serfs of them, and kepi them cowed hy terrorism. To make their 
tijie secure, ) e later Spartans completely militarized their society- After 
lJ ictr vtetory over Athens, they ruled a ]J Greece for * time. 

* 1 ! * n T ^ lL . ^P artans as brave to excess, grimly dutiful, curt, 
bnud «d stupid. Yet their smiths are said to have made the 
ft. « s and key, of (he modem type. Earlier keys were simple curved 

> o wry. . bone or metal to be rhrusl ihromth ;i hole in the door in 
order to lease the boll back. 

k "“?» Md! ltal *'» SPBWB ™«! their meets 

ta »t» to kovtn, mooted stccl. or ut leu hovittj. beet, ft, fa, to 
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equip all their soldiers with si cd weapons (—VU ) 4 at a time when every¬ 
body dse was still using weapons of soft wrought iron or even of bronze. 

Now, sted is an alloy of iron and carbon. Wrought iron-soft, mnb 
leable, and hard to melt—contains wry little carbon, usually less than 
CM per cent. On the other hand, cast iron—hord, brittle, and easy to 
melt-eon i ains 2,0 to 4.0 per cent of carbon. Steel, with an intermediate 
carbon content, mote or lest combines the hardness of cast Iron with 
the workability of wrought iron* while it is stronger and springier t hm 
either. 

Nearly all the iron smelted by ancient smiths would today be classed 
as wrought iron. Their method was to dig a pit in a hillside, line it with 
stone, 611 it with iron oro and wood or charcoal, and ignite the fuel 
When the fuel had nil burned up, a porous, stony, glowing mass would 
be found among die asdics. This was fished out and hammered, amid a 
shower of sparks. in compact the iron and squeeze out the impurities. 
The finished !ump n called a l+ bkxjns," was about the size and shape of a 
large sweet potato. 

In time men learned to make the fire holler by Mowing on it with a 
bellows and to build a permanent furnace of brick instead of merely 
digging a hole in the ground Steel was made either by smelting iron ore 
with 3 large excess of charcoal or by packing a piece of wrought iron 
with charcoal and cooking it for days until the iron absorbed enough 
carbon, or by melting low-carbon wrought iron with high-carbon cast 
iron so that ihc resulting mixture should have the medium carbon con¬ 
tent desired 

Cast iron wbs invented in China (-IV). In the West, cast iron, 
though known in classical times, never became easy to make until im¬ 
proved furnaces, either derived from China or invented independently, 
appeared in medieval Europe, and it never became really cheap and 
common untD -^XIX- 

Although the Peloponnesian War devastated Greece, led to fierce 
civil conflicts, and brought down the Athenian Empire, scientific progress 
speeded up after this war. Pure science took another spurt. This ad¬ 
vance was mainly identified with Plato’s pupil Aristotle C—IV) smJ rhe 
school he founded at Athens, Engineering .j!so advanced and. in —HI, 
science and engineering flowered as never before under the Ptolemies, 
the Macedonian kings of Egypt 

The Greek armies of ihc Golden Age did not use elaborate engines 
of war. Hence waited cities were almost never captured save by treachery 
or by a long siege to starve out die defenders. 
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An armed man atop a wall had a great advantage over another man 
who tried to climb up. The man above could shoo* an arrow, tail a 
javelin. thrust with a pike, or drop stones, hoi pitch, melted fcad, or 
red'hot sand, li none of these stopped rhe climber, the defender could 
push the ladder oven defenders kept forked poles handy fox this pur¬ 
pose, Therefore, to attack n wail defended by even a meager number 
of able soidkrs, the attacker needed *iege engines. 

Towards the end of the Golden Age we begin to hear about such 
engines in Greece Ferities h said to base aitacked the walls of Samos 
wfih battering rants iti movable sheds* built for him In Ancmon of 
Klazomenai r—441). In the Ftioponnesian War the Bokrfifns* lighting 
on the side of Sparta, a I tacked the wooden stockade of Ddion with ;i 
homemade dame thrower: 

They sawed in two and hollowed out a great beam, which they joined to- 
^ethur very exact]y, like a Hole, and suspended u vessel by chains at the end 
of I he beam: the iron mouth of a bellow t direete.i downward', into (he vessel 
'Km attached to the beam. of which it greal pari was itself overlaid with iron. 
This machine ihey brought up from a durance on carls to various poims of 
the nonpar: w here vine fttiru .irul wood had been mmi extensively used, and 
when it war quite near the wall they applied a large bellows to their own end 
of the beam, and blew through it- The blast, prevented from e$capni|, passed 
into the vessel which ctmLaincd burning coaU and sulphur and pitch: these 
mmk ii huge flame, and set rite tft the rampart, so Huai no otic could remain 
upon it 11 


Siege engines were already old at the start of the Golden Age of 
Greece; the Assyrians had developed the an to a high degree. There b 
a modern theory that Homers trojan horse” was nothing but a bat¬ 
tering ram. set up at the siege of Troy by the Achaean^ oriental allied 
The Phoenicians- having loomed about siege machinery from the 
Assyrians, spread this know ledge about die Mediterranean OiuskaJ 
writers tcli of Phoenician engineers who introduced battering rams ^uv- 
pended by chains from the roofs of wheeled sheds. This* combination 
they called u "nun tortoiseTo withstand the impact of heavy stones, 
the roof* of these engine* were braced by timbers as thick as a foot 
square. 

The Carthaginians soon began using such engines against the Greeks 
of Sicily. Both peoples had colonized this island, and rach strove for 
eeniuries to evict the other. This use of engines of war stimulated the 
SiceEut Greeks to one of the most remarkable engineering efforts of 
ancient times. 
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lit -399, Syracuse—the New York of the Creek world-was ruled by 
the shrewd, ruthless, nearsighted Dhin\$fcft the Eider, This i\ ran nos 
(father of rhe DioTmios who persecuted Pluto) anticipated later iticic- 
tors hy scaring u s icd vest Dionysius planned to attack she Cartha- 
giniun colonics in Sicily, To make sure that lie had the advantage., 

. * , he gjLhered drilled workmen, ecunmafldcCTing them from the cities 
under bh control and jnr;>Hin^ ibcm by high wages from Italy and Greece 
as well as Cunhagirtian territory .. - - he divided them into groups in uc* 
oorddticc with l heir drills. ttnd appointed over them the moan conspicuous 
citizens. offering great bounties lo any who created a iuppty of arm*- 1 * 

Thus was the first ordnance department launched. It was* moreover, 
the earliest known instance of u govfcnmjtnfs hiring men to invent. 

One task nf Dionvsios' rescu ah tcanm wa? to develop warships 
larger than the standard trier* The dictators ^ptffpGfte was to make 
weapons in great number* and every kind of missile, and also ittreres 
(ships with four hanks of oars] and pCJltcrcs i ships with Jive banks], 

■ , . being the first to think of rhe construction of such shipv rhJl 

We have no details of the progress of these projects, because ancient 
shipbuilding seems lo have been carried on entirely by ml* 01 thumb. 
There i* very little solid Information tn all domical literature about ship¬ 
building and seamanship. Probably, down ip early modem timess ship- 
building was in I he hand* of families or guilds who kept their Sore secret 
and passed it down by word of mouth. Hence the earliest known book 
on shipbuilding dates from 1536, 

Nevertheless, it is tempting to try to reconstruct details of these sitper- 
warthips on the basis of today’s knowledge Tor instance, the mosi ob* 
vious first step would be to build ships that were simply enlarged trfcres. 
wiih the oar* in four or five banks instead of three. Hui difficulties 
would arise. 

Jn a there the oars, though worked from different levels, were thy 
an ingenious arrangement of rhe rowers) nearly all of the same length. 
With four or five hanks, however, the eats of the uppermost hanks most 
have been longer than the others Such oars would have had a different 
natural period and would have been hard io keep in time with the rest. 
In fact* it probably proved difficult to row at aU with such a bristling 
rtmss of oars, no matter how arranged. 

Perhaps as a result, the ships of these new types spread hut slowly* 
The records of the Athenian dockyards for the year —330 show 393 
tricrcs of the standard type against Jfi tetrerv* and no pc me res. Hat 
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five years later, the figures arc 360 triercs. 50 ictrercs, and 7 pentercs, 
What probably caused the sudden increase in the use of these new 
ships was that some forgotten genius suggested pulling more tlum on# 
triun on Jin ortr. We can imagine that various combinations of men and 
oan were tried, because similar combi nut ions were actually tested by the 
Mediterranean powers in medieval and Renaissance times. These later 
mariners found (haI in the smaller galleys, with rowers in groups of 
two or three, it was more efficient to have each man pull hjs own oar, 
Jn such medieval galleys, however, the rowers were staggered hori¬ 
zontally instead of vertically . The two or three men vat on one bench it! 
an angle to the length of the ship, so that the itiboard mun was weii 
aft of ihe outboard one, Thus hii oar passed in front of his seat mates 
and their oars—as long, that is, as the rowers kept strict time. 

In the linger medieval galleys, it was found most effective to range 
the oars in a single hank and have tour at five men pull each oar. So 
that the rowers could handle them, such large oars or sweeps were titled 
with cleats for the rowers to grasp. 

Intermediate arrangements, such as four or five men on one bench, 
pulling two oars, did mil work well, Besides being easier to manage, 
the use of multi-rower oars or sweeps was cheaper. On a sweep, only 
one man had to be a trained, well-paid professional oarsman. The rest 
could he luhor of the cheapest kind. 

At any rate, we may assume that in rite -340s or-33bs T some ship- 
wright-probably a Phoenician, since Phoenicia and Phoenician Cyprus 
were active in marine invention at this time-began to build ships of a 
wholly new type. These were ships with a single bunk of oars, hut with 
four or five men cm each our. These galleys had on each side a frame 
or outrigger called an apostil, in which the oars were pivoted, These 
tl-ew ships soon took the place of Dionysios' marine hedgehogs, There- 
*[J CT names like 'Tetrcrc'’ f'fouret”) or “ejuadrireme" and '‘pentere” 
(“fiver"! or "quinquiremc" no longer referred to the number of banks 
of oars but to the number of files of rowers on each side. By the end 
of -IV, shipwrights were building ships of every rale up to tenners 
and eleveiters. 

Another of Dionysos* teams invented the catapult This first catapult 
was essentially a large crossbow mounted on a pedestal, k shut a Jjrt 
like a massive arrow, up to six feel long. 

years later, Diunysk's [<K>k a buttery of his new weapons to the 
siege of Motyu, a (anhaginian colony at the western cod ol Sicily. 
When a Omhugmiun commaniicr, HimiJkon, brought a fleet from 
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Africa lo help the Motyan*, hs hurst into the harbor and found the 
Sytmmn ship* drawn up on the beach, 

Hinuikon attained the first drips, but was held back hy she mull: [side of 
mmfies; for Diomsios had manned ihe ship* with a great number of archers 
and dingers. and Ihe Syracusans dew many of the enemy by using from The 
land ihe catapults which shot sharp-pointed misssfes* Indeed ibis weapon 
created grcai dismay, because If was a new inveuuco ui the time. As a result, 
Hunilkuu was unable to achieve his design and sailed away to Libya , . -** 


So began the story of artillery Using hi 4 , catapult* to dear the walls 
of MuLi-tt ami a tracking with battering ranis and movable belfries of 
the Assyru-PhMEiirinn type, Diony.rias forced an entrance to the city. 
All hough the Motyans /ought with bitter heroism, at last the Greek? 
bent down their resistance and began to massacre them. Dkinysfas 
shipped the massacre, not from reelings of pity but from motives of 
thrift for he wanted the Motyani alive to sell as slaves. 

It took several decades for knowledge of catapults \o spread around 
the Mediterranean* Ainirhs the Tactician, who aboui —365 wrote On 
the Defense of Fortified Positions, barely menttons catapults. A few 
year* Inter somebody took a campidi dart to Sparta as a curio. When 
King Archidamos III saw it, he cried: 

+t O HerakJcs 1 The valor o£ man is extinguish cdf^ 

Tluii Archidamo* uttered the first recorded protest against ihc mceha^ 
nization of war. Such protests have gone on unheeded ever since By 
—350 the arsenal of ihe city of Athens confined a pair of dart throwers, 
and in the following decade King Philip of Maccdon made liberal use 
of them. 

The early catapults had a sophisticated mechanism for cocking and 
releasing On the pedestal was mounted a slanting wooden beam wilh a 
large groove in its upper surface. This was called the syrmx or trough. 
The bow was fastened by brackets to the forward or upper end of the 

trough. 

Sliding back and forth in this groove of the trough was a smaller 
beam. wHh a smaller groove in hs upper surface. This smaller beam 
was called the dbstrti, “projector* or "si Ida, M At ihe after end of the 
slide was a crossbead of metal. This crosshead bore u trigger mechanism» 
with a hook or finger to hold ihe how string. The hook could be raised 
to release the string by twisting 2 handle, striking a knob p or pulling □ 
lanyard 

At the after end of the trough, a windlass provided means lor pulling 
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hack the slide against the resistance of the bowstring. On the sides of 
the crosshead of the slide were two pawls or dogs. As the slide was 
drawn back (o the cocked position. these pawls clicked over the teeth 
of two narrow bronze racks, one on each side ©1 the trough, 

To shoot. One started with the slide in the forward position. The bow¬ 
string was engaged with the (took. A crew of men then pulled the slide 
batfc by means or the windlass, bending lire bow. The exact distance 
the slide wiis drawn hack depended upon the range desired. When the 
commander decided that the '-.fide was back far enough, the windlass was 
slacked off. The pawls of the crosshead engaged the leeth of the ruck, 
so that the tension of the bow cnuld not pull the slide forward again. 

The dart was placed in the small groove on the upper surface of the 
slide, cither before or after cocking, and the engine was discharged by 
releasing the bowstring from its t-neaccment with the hook, The string 
snapped forward, leaving ihe slide behind and sending ihv missile on its 
way. Ih ri the slide had to he pulled forward by hand t:r by windlass 
in order n> shoot again. 

During the following century, a number of improve menu were made 
in catapults Some were built itt large sizes for shooting ball? of stone or 
brick, Weighing from 10 to ISO pounds Brick had the advantage that 
it usually broke on impact, so that the foe could not readily pick up the 
bails and shoot them back. Today, near the cave called the Ear of Dio- 
nysios in Syracuse, SiciJv. you can sec a pile of stone catapult balls a 
foot hi diameter, weighing about one talent fGO to 7Q pounds) apiece. 

Stone-throwing catapults, first mentioned in connection with Alexan¬ 
der's siege of Tyre f-332), may have been invented in Phoenicia. They 
were equipped with a pouch or strap rn the middle of the bowstring to 
hold the missile Dart throwers (cxyhetoi) were used against men: stone 
throwers ipeirobnhi or thhnhotoj) against structures like ships and siege 
towers. 

The effective range of heavy, one-talent stone throwers was less than 
200 yards, but dart throwers could shoot much fun her, Wc hear of 
dan throwers casting their missiles (iOO to KOO ymdv or twice ihe ef¬ 
fective ran k of ihc stoutest longbow Ca fft putts bu ill in modem times 
on the undent models bust failed |o exceed S0n ynrds, but ilirs bilure 
may he due to Lack or experience on the part of the builder 

Another develop men I was n small, portable. one-man dan thrower 
or crews how The earliest crossbow w;t? called a geatrapheth or “belly 
weapon" because of the cursed crosspiece at the butt end, which the 
arbalester braced against his chest. It was also called a hand catapult 
and a scorpion. Although the crossbow was well known From —IV no. 
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Fig. 3, Heron's geiteaphti^M w crossbow {after Dleh A Schramm; Herons 
Betopoiik*). 

fl never attained the popularity in classical times that it achieved id 
medieval Europe. The only detailed description of an ancient crossbow 
that we have is by Heron of Alexandria (■? II. who describes a rather 
cumbersome device with a bow of horn and the elaborate cocking 
mechanism of larger catupults. 

Alniosi nothing b known about the inventors of these devices, save 
that one early catapult engineer was a Pythagorean philosopher of Tans, 
Zojsyms. who may have llourhhed in early —IV. 

Further improvements in catapults appeared in late —IV. Demelritw 
the Besieger, one of the generals who fought over the pieces of Alex¬ 
ander's empire, mounted light dan throwers, shooting 27-iiwb dans. On 
ships. 

Another improvement was a change in the motive power of the cata¬ 
pult. Instead of using a solid bow of wood or other springy material, tire 
catapult was built with a massive frame surrounding the trough Through 
each side of this frame was threaded i with a huge iron needle) a braided 
rope of hair, up and down until (wo stout skeins had been bniti up. A 
pair of rigid throwing arms, thrust through the skeins, took the place 
of the arms of the solid bow. 

The skuitj* could be made either of horsehair or of human hair. Pour 
women sold then hair for skeins, and during sieges the women of the 
besieged city often donated their hair 10 the defense. 
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The torsion catapult. with skeins of hair, proved more efficient thim 
the flexion catapult with a solid bow. Because the torsion catapult could 
throw a heavier missile, or could shoot farther, than a Re.Xion catapult 
of the same size, it largely replaced the latter. 

The torsion catapult, however, was more complicated than the ilex ion 
catapult and harder to manage. Tor instance, its skeins would go slack 
with long use or wet weather, so the catapult had to have means far 
tightening them Therefore flexion catapults continued id use. as later 
allusions to them show'. 

To describe these engines, the ancients used ihe terms kampetres for 
atiapulta) and hat{t)K%rtt. These meant simply “thrower" or “shooter" 
—ilia! is. any missile weapon. These words were applied indiscriminately 
to all catapults. Although some ancient and modem writers have tried 
to limit one word or the other to some particular class of catapults, 
they have not done so in any consistent way. 

The an nf poliorcetics or stegecraft advanced swiftly during —IV, 
Cities that hud been protected by walls of mixed stone, brick, and wood 
now built walls of solid stone lo withstand the new siege engines :md 
dug deep ditches in front of these walls to keep the engines at a distance, 
Philip ! ! of Maccdon took a corps of siege engineers, beaded by Polydos 
the Thessalian, on his forays. 

Later, Poly das* pupils Dittdcs and Charias performed the same of¬ 
fice for Philip’s son Alexander the Great. Din ties wrote the first known 
book on siege engines and invented the “crow" (famur). This was a 
fiving bridge attached to the top of a belfry so ihat. when the tower 
rolled up to the enemy’s wall, the bridge could be lowered across ihe gap. 

The most spectacular display of sicgccjnft in the ancient world took 
place in -305. eighteen years after the death of Alexander the Great. 
Alexander left, to squabble over his empire, two widows and a puck 
of rapacious Macedonian generals. One widow murdered ihe other; 
then the general# murdered nil of Alexander’s surviving relatives. 

These general*, called the Dioduchoi or Successors, made ihcmsclves 
kings over various parts of the empire. For over two centuries they and 
their descendants fought one smother, none being strung enough to pos¬ 
sess himself of the whole but none willing to content himself with less. 

In -305 one of these generals. Demetrius culled Poliorketca. “the 
Besieger," attacked the island of Rhodes because the Rhodians refused 
to join him and his father, ihe fierce and crafiy old Aotigcmm ihe One- 
eyed, in an attack on Egypt. At that time, another general mimed 
Pi.>le nmi ns, or Ptolemy ruled Egypt- 
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Tfcmctikft landed nrs the island of Rhodes with forty thousand -soU 
diers and a force of pirate who had pined him in hope* of loot He 
set up a fortified camp and attacked the city of Rhode*, at the north 
end of the island, from the seacard side. For this attack he prepared 
four ilcming siege engines, each consisting of a pair of galley huEls. lathed 
together. Two of these engines bore Rmr-rtory towers . while the other 
two carried catapults He also armed small galleys with catapults in 
penthouses. 

By a surprise attack at night, De metrics seized the main mok guard¬ 
ing the harbor. Here his master gunner ApoOomo* mounted huge 
cainpults throwing 3-taJcm ( I Expound) catapult balk. Dememos tried 
10 force ihe defenses of the harbor with troops from landing craft, 
covered by a heavy bombardment. 

Though greatly outnumbered, the Rhodians foughi fiercely and 
countered every move by the art acker, Their own ships broke through 
the spiked log boom with which Demetrius protected his engines and 
sank (ut> of them. Dcmetrios prepared n superpower mounted on the 
hulls of ri* galleys, hut a storm overturned this engine a* it was being 
lowed into position, and the Rhodians cook advantage of the storm to 
recapture the mote 

Then Demctrios attacked from the land side He built eight tortoise* 
or wheeled sheds 10 be pushed up to !hc wait 10 protect the engineers 
white they filled up ihe ditch and undermined the wait He built two 
enormous rum (xtftoise^ each housing a rum ISO feet long and worked 
by a thousand men. 

Dcmclrios' largest war machine was a colossal belfry designed for 
him by ihc engineer Epimuchos Different accounts give U different sizes, 
htn it seems to have been 100 to 150 feet high and 50 to 75 feet square 
on the base lE hud nine stories, each foopholtd For catapults to shoot 
through. The loopholes were protected by shutters in ihe form of hie 
leather cushion* Muffed with wool, which could be raised from wnhim 
Inside were two sets of bidders. one for traffic up, the tMher down On 
tach level stood a water funk with buckets for putting out fires. The 
whole contraption was pushed on eight huge iron-tircd T castor-mounted 
wheeb by 3,400 of Deniefrios' Strongest soldiers. 

Dcmctfias moved his engines forward and attacked the walk but the 
Rhodians heal back the efforts nf his men to swarm through the gaps. 
Then the Rhodians moved all their catapults to one section of the wall 
amt, by showering the belfry with incendiary missile* in a sudden night 
bom bardjisent, vet il afire. 

By die time Dcmetrbs bad pulled hh endues out of range, repaired 
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diem, and prepared to attack again, the Rhodians hud another trkk up 
their sleeves. 

Before the war began, the municipal architect of Rhodes had been 
DtogncUW. A Phoenician. KalltUS of A fades, came to Rhodes and lec¬ 
tured on hb wonderful new machine for defend mi' cities. This was a 
revolving crane to sefoe hostile siege engines, hoist them into the air. and 
drop them down again inside the city. Impressed, the Rhodians tired 
Diognctos and gave Kalitas his job. 

So. when Dcmetiios’ 180-ton monster neared the city, the Rhodians 
told Kullias to go ahead with his revolving crane, But Kalitas had to 
admit he was baffled. Then the Rhodians fired Kalitas and begged 
Diognctos to take his old job back A her holding mu for a while, 
Diogncios agreed to save the city on condition that he should have the 
belfry if he could capture it. 

One account says that he mobilized the Rhodians to go out at night 
and pour liquids—water, mud, or sewage—into the ditch in front of the 
section of wall at which the belfry was aimed. The adjacent field thus 
became a bog. in which the advancing tower stuck fast. Another story 
says lie tunneled under the field. When the wheds of the belfry passed 
over these tunnels, the wlurch sank into the ground. In any case, the 
belfry was slopped. Demetrios launched more attacks, hut without artil¬ 
lery support these were beaten off. 

At last, after a siege of more than a year. Dcmemos signed a treaty 
with the Rhodians and sailed away to other battles At Thebes he built 
a be!fry so heavy that n could be moved only a quarter of a mile in two 
months. 

Diognelo* brought the captured belfry into the city and set it up in a 
public place with an inscription: 

DtOGNETOS DEDICATED THIS TO THE PEOPLE 
FROM THE SPGJLS OF WAR 

Afterwards, the Rhodians sold the timber, bronze, and iron from 
Dcmetrios' a. nr engines and used the money to build the Cblowm of 
Rhodes, a KXMoot statue of the sun god, to whom they hud prayed for 
deliverance. 

Centuries later, a stone thrower of a new type appeared This had a 
single arm which, impelled by a torsion skein, flew up j n a vertical pkme 
agjinsi ;| padded stop. \t the end of the arm was a sling or spoon to 
hold a catapult ball. This engirt* ii called an omger tLatin for the 
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Asiatic wild ass) because of ihnt animal mythical hMt af kicking 
sttmcs back at its pursuers, All that h lcno«™ shoal the origin of the 
man-made onager is ihat ii ciimc into use souk; lime in the first three 
centuries of the LTirisltnn am.. In any. case; it soon replaced the heavy 
two-armed stone thrower. 

Under ihc Roman Empire, GEtmics also used liuJie catapults on wheels 
as field artillery. They were not very effective, because they were too 
hcav\ and bulky in proportion* to their fire power. Such mobile cata¬ 
pults had been tried out as far hack as —2(17 by the Spartan general 
Machs nida*. Bui at the battle of Man tinea, rhe Spartans lost to ihe 
Achaean League and Muchumdas was slain before the catapults had a 
chance to shoot. 

Ancient amtes did not usually carry complete large catapults with 
them, because such bulky objects would have slowed them down too 
much Instead, the gunners brought along the skeins. sling*, mciol fittings* 
and other parts thnf could not be improvised. Then, when a siege began* 
Ihey cut down free* and buill their engines on the spot 

With fhe fall of ihe West Roman Empire in -+\\ ihe two-armed lor- 
tion catapult drops out of sight. Perhaps the decline of European 
engineering at this lime made the building of so complex an engine im¬ 
practical However, the fiction dart thrower with a solid bow, 
continued in use through ihe Dark and Middle Ages, ti was used at the 
siege of Rome by die Goths in +537 and at that of Paris by the North¬ 
men in -SS6, 

After printed treatises on ordnance began to appear during the Renata 
saticc, and afier cannon hud already made caiupulh more or !e*s ob¬ 
solete, engineers, like Leonardo da Vinri ;md AgOSttoo Ramcll! (+XV|) 
■still showed catapults of the crossbow type in ihe it books. One of 
RameHrs designs is that of a compound siege catapult with six bows, 
Biringuccio. writing in the 1530s. notes thru explosive bombs* “can also 
t>e thrown from hallistas as the ancients used to do or. ii desin:d T with 
guns as ihe modems do." Btriiiguccio’s “indents.™ arc the technicians 
who lived m-ure than a century before his rime,- 1 

White the two-armed [onion catapult disappeared in ihe WesL the 
crossbow survived there* A simple hunting cmssbttw is shown on two 
monuments of Roman Imperial time* in Gaul, anti Wiliam of Nor¬ 
mandy took a company of LTossbowmen to the buttle of Ifasiiings. On the 
other bund* the crossbow died out in ihe East Although .1 tenth*«niiiry 
Byzantine writer men lions it, by The time the Crradtrs brought it to 
Constantinople, in + XL the Byzantines looked upon it as a new weapon. 

The orogcr also survived into the feudal era. At that time it was 
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ITjt- 4, Crossbow with quiver, 
from ;i Gaulish funerary monument 
of Imperial Roman Times at Puy, 
France (from Diels). 


culled the mini yon or in any end, from ihe Greek manganon. “’device 1 ' 
or “contrivance." It decided the outcome of one battle at least. During 
the Albigcnsian Crusade, in 1218, Simon dc Monifort besieged Tou¬ 
louse. While he was riding around the city walls one day. a crew of 
women, manning a mangonel. let fly at him. The stone smashed his head 
like an egg and ended the siege. 

The onager in turn raw way to the trebuchet or counterweighi cata¬ 
pult. flrsi mentioned in Spain in early -XII. The trebuchet had a pivoted 
throw ing arm willi a >ling .in the long end and a heavy counterweight on 
the short. This catapult hod the advantage over skein-powered catapults 
that wet weather did not affect its performance. Sometimes the range 
could be adjusted by varying the size of the counterweight or by shifting 
the counterweight towards or away from the fulcrum. Sometimes the 
counterweight was assisted by a crew of soldiers, pulling on ropes at¬ 
tached to the short end or the throwing and. In a ortupuli of a very 
simple type, men, pulling on the short end ol thy arm, provided all the 
energy. 

Knowledge of catapults also reached the Far East. They were known 
in China by I0U4 and in India by 1300, and there were literary al¬ 
lusions to the catapult or pan in China several centuries before +1000. 
When the Polo brothers first visited the court of Kuhlai Khan in the 
the Italians charmed the Mongol emperor by building much 
larger catapults than the Mongols were used to. throwing 300-pound 
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stones, for us: against the city of Hsyaitg-yang. One missile smashed a 
house to kindling and caused the city’s surrender. fit Chinch chess one 
piece is still called "the catapult." Fhe Cambodian kings who built Aug’ 
kur mounted small catapults on elephants. 

On the Dihcr hand. China knew the crossbow even before it was in¬ 
vented in the West. Writing in early —V, the Chinese general Sun Wu* A 
mentions the weapon. And when in —35 the impetuous Chinese general 
Chen Tang defeated and slew the troublesome Hurmish king Jijlr 1 the 
Chinese army used crossbows. This is undoubtedly a case of independent 
inveniion. 

Soon. However, the whole art of catapult artillery was swept away by 
the discovery that 'This villainous salt-pent’' could "be djgg'd / Out of 
the bowels of the harmless earth," and ihul "these vile guns,”"' even in 
their crude fourteenth' and fifteen! h-eemun forms, multiplied the power 
of the bombardier tunny times over. 

So ends the story of Greek engineering, from the beginnings of classi¬ 
cal history down to the time ol Alexander All in all. to Ihe Greeks of 
that period, we owe more in the fields of art. literature, philosophy, logic, 
politics, and pure science than in the field of engineering- But neither 
was their engineering negligible. Moreover, Dionysius’ brilliant and sinis¬ 
ter idea uf hiring men to invent machines of ww was to persist down the 
ages and to culminate in the vast and secret military research mid de¬ 
velopment projects of today. 

In the period after Alexander, the comparative backwardness of 
Greek engineering, compared with the Greeks' other attainments, came 
to an end. Soon the Greeks—though usually living outside of Greece- 
led the world in this respect, as we shall presently sec. 
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In -fV, Alexander son of Philip, king of Macedonia vubtfued 
all of Greece. Then lie led an unity of Greeks and Macedonians to die 
conquest of die mighty Persian Empire. Fra in the rocky shores of Ionia, 
his columns pounded past the bustling Phoenician seaports to the shim¬ 
mering sands of Egypt, and from Egypt to the ancient aggurets of Meso¬ 
potamia. the tiger-haunted jungles of Hyrkunia, and ihc lonely steppes of 
Central Asia. 

The Persians, ruled by a well-meaning but hesitant mediocrity of a 
king, were smashed in three thunderous battles and tnimy duees and 
skirmishes. Having taken the throne of the King of Kings, Alexander 
led his army of Macedonians. Greeks, and Persians over the Afghan 
crags Jiid into die Indus Valley to vanquish the glittering rajas .snl their 
lumbering elephants. 

By -323. Alexander had conquered a realm as great as that of (he 
firu Darius. He had cnenmnged the intermarriage of Macedonians with 
Persians and hud laid grandiose plans for further conquests, explora¬ 
tions, and public works. Then, not yet ihirty-ihrcc. he suddenly dial of 
tnniaria. in Babylon, 

Alexander's generals soon liquidated the conqueror's kinsmen and 
curved up hts empire. The leading kingdoms of die Successors were 
Egypt, under the Ptolemies; Macedonia, ruled bv the descendants of 
DemtiriM Pdiorkcws; and the ScleiKfel kmgdom-Sym, Mesopotamia, 
and Iran-under the line of the general Sdetikos. Several kingdoms 
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waxed and waned m Asia Mfno* r of which Uic most important was 
Fergamen. 

Atthougb most of Alexanders Macedonian officer* soon discarded 
the Persian wrw he had found for them, his hoped-for mi Mure flf 
Greekv with orientals soon took place any way Alexander and rht Suc¬ 
cessors founded scores of new cities in the conquered lands, They en¬ 
couraged thousands of Greeks and Macedonians to settle in these cities 
side by side with Persians, Syrians, Egyptians, and other native peoples. 
Ildbnre warmed out of barren Greece to serve in the armies and 
bureaucracies of the Successors, forming a ruling dais in the new king¬ 
dom*. 

The interloping Greets soon mingled whh the native upper classes. 
Greek culture influenced the orientals, while orients! ideas 3 fleeted the 
Greeks, The brilliant Graeco-oriental civilized ion that resulted is called 
the Hellenistic. 

Tlic Hellenistic Ace was in many ways like our own century It w as 
a time immense intellectual ferment, of Travel and tourism, of scholar¬ 
ship and research, of popular outlines and lectures, of clubs and societies, 
of invrnijun and promotion. It was a lime on one hand of a scramble 
far iht wealth created by the advance of technology and the spread cf 
commerce, and on the other of communistic revolutionary movements 
for the division of this wealth. Some of the fine arts, such as pkiywriling, 
declined from the high standards of the Golden Age: bui science and 
engineering flourished at never before. 

Another "modem'* feature of the Hellenistic Age was a love of the 
grandiose HdteniMfc kings armed their sottlicm with lodger spears and 
massed them in bigger phalanxes than ever before: they built more 
sumptuous, temples and palaces: they erected taller buildings and statues; 
they organized more splendid parades and committed more dastardly 
crimes, 

The Successors and their descendants fought many wars, but these 
wars were less ferocious and destructive than many wars have been. 
The kings fought The other Hellenistic kings—usually their brotherein- 
Uw—In a somewhat sporting p gentlemanly sprit. They tried many novel 
military expedicnss huge phalanxes cm the Macedonian model, with the 
soldiers wielding 21-foul pikes; elephants, which often defeated 1 heir 
own side by stampeding back through the ranks; erat Arabs swinging 
fr-foot swords from the backs of camels. 

As meialworking techniques advanced, iron began to toko the place 
of bronze fur armor Alexander the Great K The first man known to have 
worn an Iron bdmet. DiooysiCb the Elder ol Syracuse, who invented the 
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ordnance department, hud already pioneered with die iron corselet, 
which he wore under hi* funk to foil assassins. By the end of —IV, the 
iron cuirass luid become common. To save weight. however, most classi¬ 
cs! cavalrymen continued to prefer a corselet made of several layers of 
linen canvas glued together and molded on a form’ the result was much 
like a modem laminated plastic. 

Meanwhile, in the little-known West Rome grew from city-si ate to 
nation and from nation to empire, until it engulfed the entire Hellenistic 
world, tn — 30. Rome conquered the lust of the Successors 3 kingdoms, 
Egypt, and brought the Hellenistic Age lo a dore, But, for three cen¬ 
turies, the lands of the eastern Mediterranean were the scene of some of 
the liveliest and most interesting developments in the entire history of 
ancient science and technology - 

In addilion to Alexander, another man had an equal effect on the 
flowering of Hellenistic science and engineering. This was Alexanders 
old Tutor, Arbcotcles of Stagy ra f-384 to—322), whom we call Aris- 
lOtEc. By his researches, writings, and teiichipgs, AiistoUc gave all the 
sciences a push so vigorous dun it kept them spinning for ccnTuries 

Few men have affected the thought of the world more than Aristotle. 
He was the first encyclopedist and also the founder of ihe scientific 
method. His method was neither pure Theorizing, like that of Plato, 
nor the mere gatlLerfng of data, like that of Hemdotos, Instead, he 
creatively combined both Although Aristotle often went wrong in apply¬ 
ing the scientific method, he made the necessary beginning. 

At seventeen* Aristotle arrived in Athens from a Greek provincial 
town at the northwest comer of the Aegean Sea. He joined Plato's classes 
and for twenty years listened to Plato's discourse*. He may even have 
become Plato s assistant There are rumors that Aristotle once quar- 
rded with Plato and tried without success to set up hb own school; but 
their differences were soon patched up. 

After Plato died, Aristotle and hb fellow-pupil Xenok rates crossed 
the Aegean to retlle at Assos in Asia Minor Here Aristotle began lectur- 
iiT^ One of his- hearers was i local magnate* Hermbs ihc eunuch, who 
bed become lymnno> of the town of Atamcus Aristotle married Her- 
niece and took fab bride to Lesbos for two years of honeymooning 
while studying marine biology, it would be interesting to know what the 
princess thought of a husband who spent fab days wading in tkLjl pools 
and his nights cutting up sea-things on the kitchen table, ~ 

In -342, Aristotle heard that Philip II of Macedon was looking for a 
tutor for his son A l e x ander , Aristotle got the fob, either because fab 
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father had been physician la Philip's father or because he played a part 
in a plot between Philip and Hernias against the latter's Persian enter* 
lords. 

In any case, the Persians discovered the plot and killed Hcrmios. Far 
seven years, in a small Macedonian town, Aristotle tutored Alexander 
and the latterS young friends We do not know just what Aristotle (aught 
Alexander, or how effective his teaching was; but it is not likdy ihat he 
found ihc hcadstrpng and violent young prince a docile or studious pupil. 

When Philip was murdered and Alexander became king, Aristotle 
went back to Athens. Since Xenokratcs was now running Plato’s school, 
called the Academy from the name of the park where it met, Aristotle set 
up his own school ia another park, the Lyceum- 1 This school was also 
known as the Peripatetic because, like Plato, Aristotle liked to walk 
about as he lectured. 

Here Aristotle faugh 1 and wrote for thirteen years: a lean, dandyfied 
man with a lisp anti a tan sense of humor. Once, when a chatterbox, 
after flooding Aristotle with talk, asked; 

“Have [ bored you to death with my gabble?" 

Aristotle replied: "No. by Zen s, for 1 wasn't listening to you!" 1 

When Alexander conquered the Persian Empire and invaded India, 
he may have subsidized Aristotle's researches. There are tales that 
Alexander sent Aristotle an elephant and other specimens from the East, 
But their relationship was soured by the fate of Aristotle’s nephew Kal- 
listhenc*. who hod gone off to the East as a member of Alexander's 
stall. The headstrong and tactless Kallrithenes irked Alexander by re¬ 
fusing to worship him and by making a public scene over the mutter. 
Alexander accused KallKthene* of treason and had him thrown into 
prison, where he soon dSptL 

During his Athenian period, Aristotle wrote nearly all of his works 
that have come down to us He was one of the world’s most prolific 
writers, composing the equivalent of 50 to 100 modem books. But. of 
this huge output, we have only a fraction. Most of what we have con¬ 
sists of huge treatises-acuta!|y T n series of extended lecture notes—on 
science, politics. History, morals, and literary criticism. 

Although Aristotle could write well enough when he chose, these 
treatises, not being meant for publication, make no concessions to the 
reader. For long stretches they are wordy, dry, and maddeningly dull, 
devoted to the tedious elaboration of the obvious. 

Ax a scientist. Aristoilc was strongest in biology, sociology psychol¬ 
ogy. and logic. Hri greatest contributions of all were in biology, thanks 
to those years of wading the Lesbian lagoons. Yet he pasted along many 
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old-wives' tales, which he (ailed to cheek by observation. Although he 
was twice married:, he said lhal men have more teeth than women: it 
never occurred to him to ask cither o( his wives to open her mouth for a 
count. 

In the physical sciences, Aristotle was much less successful. He did 
marshal argument* for the roominess of the earth in a was that settled 
the question. OlK'rais:, he managed to he wionj: tn nearly every I fling 
he did in physics, meteorology, and astronomy. He argued that the 
earth is ai the center of the universe; that the heavenly bodies never 
change; that earthquakes are caused by winds trapped inside the earth; 
and that atoms do not exist 

After Aristotle died, Hb treatises passed into the hands of a follower 
who handed them down to his descendants, treasured but unmad. until 
they were brought out and published about -80. Other copies besides 
these probably circulated, but wc cannot trace them. 

Some of these treatises were revised by later writers who added para¬ 
graphs or whole books to them. Furthermore, like many modem profes¬ 
sors, Aristotle probably permitted his pupils to do much of his rename 
research and to write up their results under his bv-iine Moreover, many 
later writers put Aristotle's name on their own writings for reasons of 
prestige. Hence there are never-ending disputes as lo whether certain 
writings are truly Aristotle's. 

One of these doubtful works furnishes the reason for talking so much 
about Aristotle, This is a short article called Mcchanika, or Mechanics, 
included in collections of Aristotle’s “minor works.” Most scholars who 
write about Aristotle cither ignore the Mechanics or deny that Aristotle 
wrote it. If It was by any known am ho,, they say, it was probably by 
Straion of Umpsaiios. Some of their arguments seem to be circular. 
They say: Aristotle could not have written the Mechanics because he 
was not interested in the subject, and wc know ihui he was not interested 
tn the subject because he never wrote about it 

True, Aristotle had the well-to-do Creek gentleman’* snobbish dis¬ 
inclination to experiment or invent, because experimentation and inven¬ 
tion involved manual work, and manual work was fit only for slaves 
and -'base mechanic*." These inferior persons should never lie admitted 
to eitriemhlp, 'aid Aristotle, because “no mao can practise virtue who 
b living the life of a mechanic or laborer,"* 

As for the authorship of the Mechanics, the best guess i« probably 
that of the laic George Sarton: ‘The Slechaniku attributed to Aristotle 
is probably of Straton’s time or even of later dale, yet a part of it may be 
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Aristotelian. 1+1 If ihi^ Is an unsatisfactory way to leave the world’s Ursi 
known engineering iremiie, that cannot be helped. 

Straton was 9 pupil of Aristotle who eventually headed Aristotle's 
school, It came about in this way : When Alexander dkd f—3231 certain 
Athenians attacked Aristotle because of hte Macedonian connections, 
Aristotle prudently retired to Fubota. where he *cj0n died* 

Theophrasto* the botanist, a longtime pupil ond friend, took over the 
Lyceum, Although Theopfirastos was on even more prolific writer than 
Aristotle, lime has been less kind to him. Of Ins enormous volume of 
writings on many subjects w e have only about a dozen articles or essays, 
most of Lbem fragments of larger work*., and two long treaties on plants. 
When Theophrastus died about —287, ihc school came under the 
headship of the physicist Straton, who had been living in Akxacdna 
tutor to the Ptolemaic crown prince. Ail he ugh a worthy successor tn 
Aristotle and Thcupbrastos, Strata fared even less well at the hands 
of time. We know nothing of his personality x&vv that he was a thin, 
sickly man: his writ mgs have entirely disappeared except for a few frag- 
merits quoted by later writers. 

Straton did correct some of Aristotle** many blunders in physics. For 
instance, he realized that falling bodice move at an ever-increasing speed 
l that is, they are MxelsmSrti} and rrcit p as Arbtotle thought, at a uniform 
speed proportional to their weights. 

Furthermore, Arislntk had rejected Demokrtfos* theory of atoms, say¬ 
ing that there were no such things He also asserted that a vacuum could 
not exist, either, because a falling body fell at a speed that varied in¬ 
versely us the resistance of the fluid fair or liquid ) ft fell through, and if 
there were no fluid the body would move at infinite speed, 

Siraton, accepting atoms, explained that vacuum was dimply the empty 
vpacc between atoms In nit, this space decreased when the air w.is 
comp reived p forcing she atoms doser together. and increased when the 
air was rarefied Hence Smiton discovered the spring of air" which 
Boyk and Ma Hotter, nearly 2,000 years later, scientifically studied and 
measured 

Whether written by Aristotle, or StratcnK or both, the Mechanics is the 
oldest-known engineering textbook. It begins: 

Our wonder i* excited* firstly. by phenomena which occur in accordance 
whli nature btn of which we Jo nos know ibr cause, and secondly by those 
which are produced by trl despite naiurc for the benefit of mankind- Nature 
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often operate ecailniry (o )mra:i'i expediency: (or itw dlwavt follows ihe 
course w if ham deviation, whereas human expediency is always chunking. 
When, therefore, *c have [t> do something contrary to nature, the iMktiliy 
of it causa us petpJeiiJ y and art has to be called to our aid. 1 

To explain the law of the lever our author goes off into several para¬ 
graph* of wordy theorizing about the mystical properties of the circle. 
Aristotle had caught this habit from Plato, und Strut on may have 
caught si from Aristotle. 

Our author does, however, make art interesting point. He is excited 
by the fact that, in a train of gears, each gear wheel turns in a direction 
opposite to those with which it meshes. He says; “ . . some people con¬ 
trive so that as the result of » single movement a number of circles move 
simultaneously In contrary directions, like the wheels of bronze and iron 
which they make and dedicate in the temples’ 1 * A diagram shows a 
train of three gear wheels, represented by circles. 

This is the first mention of gear wheels. Our author doe* not say 
whether these are toothed cogwheels or smooth wheels in which rota- 
tion is transmitted by friciion only. Presumably the friction gear came 
before the toothed gear, but we have no dates. 

Probably our author's wheels were smooth. Laier. somebody learned 
that roughening the rims reduced slippage and, from this roughening, 
gear teeth evolved, This step may have taken quite some time, for cutting 
and Filing a pair of toothed gear wheels, having the right numbers of 
teeth and transmitting rotation without jamming, h no: an e asy task 
Because it is the cariesi type of genring to make, the firs: gearing lo be 
used successfully may have been a pair of gears with shafts at right 
angles, one of the gears being a crown gear. 

As for the ‘‘wheels of bronze and iron," this is explained by statements 
in the works of two later engineers. Phi Ion ol Byzantium and Heron of 
Alexandria. The fust remarked that; "The ancients used many [wheels] 
of this sort; wlnm they wonted to enter ihc temple, they sprinkled their 
clothes with water squirted from this wheel; then they moved it by hand, 
because ihcy ibought that in touching cupper they purified themselves." 
And Heron added- "fn the porticoes of Egyptian temples, revolving 
wheels of bronze arc placed for those who enter to turn round, from an 
Opinion that bronze purities." 7 

Here is a minor piece of priestly magic, comparable to the prayer 
wheels of Tibet, The worshiper performs a simple mcchjnte.il action, 
namely turning a wheel, and draws out so much holiness per revolution* 

Mention of these wheels m the Mechanic* favors Slratun’s authorship. 
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ut fcasi of this passage. For, Heron identifies these wheels whh Egyptian 
temples, and 1 know of no reference to them in Greece. And* whereas 
Sim ton spent ycai% in Egypt, Aristotle never went iheic. 

The Element in the Mechanic* suggests that somebody had 
figured a wii\ to get more salvulion per rcvotulron out of the prayer 
wheels by mounting mo or more so as to form a train *>f friction gears* 
It is a sobering thought that all later ctodn^orh and other gearing may 
be descended from this petty piece of priestly hocu s^wciis. 

The author of the Mei tumits then goes hack to the lever and dis¬ 
cusses the geometry of die beam balance. Me notes that dishonest mer¬ 
chants had discovered how to rig such u balance or scale to cheat their 
customers: 

And thus dealers in purple [dye}. In weighing it* use contrivance with in* 
lenl to deceive, putting the cord out o( center and pouring lead into one arm 
pf ihc balance* or usina the wood towards ihe toot of a me for the end to* 
wards which they want it to incline* or a knot if them be one in the wood; 
lor ihe part oi the wood, w here the root is heavier, and a tnoi is a Lind of 
raH+* 


He applies the luw pf the lever to die oun. of galleys. He makes a 
Wrong guess as to why a ship faster if the sail is hoisted higher: he 
thinks ii luis to do with the leverage of the mast against Ihe hull, whereas 
the real reason is that winds usually hi™ faster higher up. 1 his however 
brings him to another pregnant observation; 

Whv Is It that, when sailors wish lo keep their course in sin unfavorable 
wind, ibty draw in she part of the sail which is nearer to ihe steersman, and, 
working the sheet. let out the part towards the hows? h it because the rudder 
cannot counteract ihe w ind when il is strong, but can do so when there h only 
a liitle wind, and so they draw in (he sail? The wind then bears the ship along, 
while ihe rudder toms the wind mto a favoring breeze, cotrnlertfCimg h and 
serving as a lever against the sea. The filers llso at ihe yme lime contend 
with ihe wind leaning their weight in ihe opposite direct ion. 11,1 

The author is groping towards an explanation of how a ship can nail 
into the windL it his cx-pknnrjon seems confuted, blame him not; no 
Satisfactory explanation was possible until Stcvin discovered the mangle 
of force* in the 1580s, 

The im pun ant thing about this paragraph, however, h that ft gives 
ihe earlier! indication that men had learned to vail cSose-haukd, at an 
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angle against the wind Almost any ship can sail at a tight angle 10 the 
wind. But, to sail at less than a right ancle to the wind—that is. to head 
tip-wind—you must be able to pull the sad taut and to dew it mound 
so that tt lies almost parallel to the ked. 

Sailors measure the angle between the keel or a ship suiting close- 
hauled and the direction of the wind in points. A point b one-eighth of a 
right angle. Of IIJ degrees. For thousands of years, all sailing ships had 
the simplest possible rig; one square sail. With such a sail one can some¬ 
times sail into the wind, hut less than a point f 11 1“ less than a right 
angle? and then only if the ship is handy, with a deep keel (to keep it 
from sliding sideways) and not too much upperworks. Also, the sail 
must not be too baggy. The best that modem sailing ships can do b two 
points (22 5 c less than a right angle > into the wintT with square rig and 
three points (33 less than a right angle 1 w ith fore-and-aft rig. 

Therefore most untie m sailing wa- done before the wind- The skipper 
sal in port until the wind blew - the right wav Ships were built with high 
stems because most waves struck them from behind. If caught at sea 
by a calm or a change of wind, (he sailors struggled on under our power. 

As late as +X. sailing effectively against the wind in northern Euro¬ 
pean waters was so unusual that when a Viking chieftain named Rand 
I he Strong made use of this method to escape from Olaf Trygvasscin, 
the bloodthirsty and fanatical Christianizing king of Norway, the king 
was sure ihai Rautf must bo using witchcraft. This so enraged the pious 
king that when he finally caught Ruud, he had him killed by the unusual 
method of ‘luffing ;i viper down his throat. 

In ihe Mediterranean Of —300, however, seamen had found that, by 
dewing the sail around until the yard was almost parallel io the keel, 
they could sail into the wind by racking; that is. sailing close-hauled into 
the wind on a zigzag course. With the ships of the time, however, it took 
a weary lot of sailing to gain a comparatively small distance up-wind, 
To sail a Tull point or more into the wind, one needs cither a fore-ami ufl 
sad. or masts at both ends of the ship to control its direction. 

Some ancient" merchantmen earned a foresail called the ariemon, 
slung beneath n slanting bowsprit tike the water sail of the large ships of 
+XVII and +XVIIJ, Bui this sail was good only for holding the bow 
down-wind in sailing before the wind. A few large ancient merchantmen 
were real iwo-masters—one is shown in an Hiruscan tomb painting of 
—'VI-but this design never became general until medieval times. 

A central rudder, instead of the steering oars or quarter rudders n<»d 
in classical limes, also helps to keep a ship headed up-wind. Whal h.i[V 
pened when a ship could not gain distance to windward b shown in a 
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Df>vtl of Roman times. AchiUes Tatius' Kkitophon coui Leukippe 
(+111). The narrator, young Klcitoplion of Tyne, tells of being wrecked 
by u storm on a voyage to Alexandria: 

.. . a wind blew upward* train tlie sea full in the ship's face, and the 
helmsman bade the sjilyard be slewed round. The sailers hastened to effect 
this* bunchint; up half the sail upon the yard by main force, but the fncncasmg 
violence of the pm obstructed iheir efforts: for the rcsE + they kept enough 
of the full spread to make the ’wind help them to tatk. JS As a mull of this, 
the -ship lay over on her sfcir* one bulwark raised upward into the air and the 
deck a steep slope, so thar m^l of us I bought Ehaf she must h&tl over when, 
the nest gak si ruck us. We tramf cticd ourselves therefore to that part of the 
boat whkh was highest <mi of the Water* in order to Lighten that part which 
was down in the and so U posaihk, by our own added weight depressing 
the former, to bring Ihe whole again to a lenl; btn nil was of no avail . , , 
For some time we thus ineffectually struggled to tiring lo an wpiilibriunt the 
vessel thus balanced on the waves; blit the wind suddenly shifted So ihe oilier 
tide 30 that the ship wa^ almosl sent under Water* and instantly lhai part of 
the boat which bad been down in the waves was now violently thrown up, 
and she pan formerly raised on high was crushed down into the waters . - * 
the same thing happening a third and a fourth, nay* many times, we thus 
imitated the motion of the ship. 13 

This passage i$ plainly a Landlubber^ account of an unsuccessful 
effort by the crew to keep from being blown ashore by tacking against 
ihe wind. 

Aristotle^Simtorfs treatise also describes a swape with a leaden 
counterweight, The author goes an to- discuss the roller > rolling friction, 
the wedge, the pulley, the sling, the capstan, and the windlass. The fact 
that be gets confused when he tries to discus friction is not surprising* 
because the Laws of friction were not worked out until recent centuries. 

Tbs author also asks: “Haw fs it ihttl denlLst -. eitracE teeth more easily 
by applying the additional weight of a tooth-c^tmetor than with the 
bait hand only?" 1 * His explanation show's that, in his day. demists 
pulled teeth with forceps not very d Efferent from those of our own time. 

Having discussed all the simple mechanical -ad vantage devices except 
the acrew. our author nl$o asks how one can raise a weight greater than 
ihe force of one's pul! by means of multiple pulleys. So we know that 
builders had learned to use more than one pulley at a time on a given 
load, though they may not yet have had the compound pulley block 
holding two or more pulleys in the same Lame- 
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Finally, he ask $ many shrewd question* about the breakup stress in 
pieces of wood of different shapes, and about the mysteries of motion. 
He cannoi answer these questions; for the answers, the world had to 
wait for Galileo c —XVII > and hh successors. 

After Stmton died, the Peripatetic school declined in importance. It 
continued to lead a harmless Hut barren existence until in -t-5241 the 
Christian emperor Justinian, as pan of his persecution of pagans and 
heretics, dosed ail the philosophical schools of Athens, 

Greece prospered briefly, following the conquests of Alexander, when 
returning soldiers brought home the loot of Asia and when those who 
settled in the new Greek cities of the Macedonian Empire sent to Greece 
for the coimnodiitcs they were used to. 

But when these new communities teamed to grow and make their own 
commodities, Greece entered a lone period of economic decline, com* 
hined with a shrinkage of population Thk decrease seems to have been 
due partly to emigration, as the new and more easterly centers of the 
Graeco-oriental world beckoned ambitious youths, and partly to lire 
Greek custom of tossing unwanted babies, especially girls, on a rubbish- 
heap to perish. During the Hellenistic Age this custom became as de¬ 
structive as a plague. 

Likewise the scientific center of the clue deal world shifted, in early 
-III, from Athens to Alexandria, the booming capital of Ptolemaic 
Egypt. While material prosperity is not a sufficient condition [or intel¬ 
lectual advance, it helps. 

Over the kingdom of Egypt reigned the amiable but shrewd and fur- 
sighted Macedonian king, Ftoleniakts Min of Logos, who had grown 
up with Alexander. Like most of the Pink uric?, he was stocky and stout, 
with a bull neck, deep-set eyes under becllinc brows, and a high-bridged 
beak of a nose. He ruled 4 land that even then harbored several mil¬ 
lions: the teeming peasantry of ihe Nile Valley and Delta, wild tribes of 
sand-dwelling nomads, and settlements of Greeks, Macedonians, and 
Jews. 

The government was an extreme bureaucratic absolutism, which held 
monopolies on oil. textiles, banking, and other [onus of commerce. 
Crushing taxation, which fell heaviest on tire peasantry, supported the 
glittering court and! the gleaming army. I he peasants often revolted but 
never effectively enough to drive out their Macedonian ova lords. 

Whca Alexander visited Egypt in -33 i. ire had with him a Rhodian 
or Macedonian architect named Dcinokrates. This Dcinokrate* had 
come to Alexander's headquarters with letters of recommcndaliun. 
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When the Icings officials put him off, be captured Alexander's attention 
by appearing at a public audience dressed like Herakks, with dub and 
lion’s skin. Then be explained that he warned to carve Mount Albas 
into a slalue, presumably ol Alexander, holding a city in its left band 
and in its right a bowl Into which all the strains of the mountain should 
drain. 

This grandiose plan, unrieipatinj: Mount Rushmont, delighted the 
king. But on second thought Alexander asked if the neighborhood had 
enough iztvxJ wheat held* to furnish such a city with food When xoid 
ft did noL he vetoed the plan but kept the resourceful Deinokiates with 
him. 

In Egypt; Alexander commanded Deinoknile* to Lay out ihe city of 
Alexandria on the site of a sleepy Egyptian fishing village, Rhakolis. 
which stood on a spit of Innd R a mile and a half wide* separating the 
Mcdite franc an fretn swampy Lake Mareotis. The latter is one of a 
chain of hikes, which extend across the northern part of the Nile Delta 
and which then swarmed with brigands and hi ppapoi a mi. Here was 
built one of the most famous dries of the ancient world* and one of 
the most important Ln the history of science and engineering. 

Creation of this city entailed vast engineering works. Twenty miles 
eastward, a small branch of the Nik emptied into the sen. A canal was 
due to connect thb branch with Alexandria* vo that river craft could 
sail directly from Alexandria to Memphis and Up|wr Egypt, 

To seaward of the new city lay a chain of rocky islets. Phut*, tht 
largest of ihesc P was a mile and :t half tong. By joining some of these 
islands to a peninsula and to each other, Alexander's successor Fiolc^ 
matos crated a splendid harbor. Their he divided the harbor in half by 
q mile-long breakwater and causeway, the He puis taction or '‘Seven- 
Fudancer,” stretching from Pharos to the shore. The eastern or Great 
Harbor contained the naval dockyards and an inner harbor for royal 
yachts; the western hafkor was for fishing vessels and other small craft. 

At rite eastern lip of Pharos Ptalernsiiojf architect Sdstratos of Knidos 
(-ID) erected .\ skj*-scraping tower ns a landmark for ships. This was 
the famous Lighthouse of Alexandria. one ol ihe original Seven Won¬ 
ders of tht World. 

Although most ancient architects and engineers had to be content 
with remaining anonymous, some of them managed to put their names 
on their structures when nobody was looking, A story tdls m (hut, when 
So^tralos built the Lighthouse, the king as usual wanted his name alone 
to appear on she work, Sosixatos craftily inscribed uo the srone: 


m 


Tltv Arttiem Engiwerg 

SOSTSATOS SON OF DEXIPHANE5 OF KNIDOS 
ON BEHALF OF ALL MARINERS 
TO the SAVIOR GODS 

Then he covered this inscription with a layer nf plaster, on which was 
chiseled the customary royal inscription. In time the plaster peeled ofi, 
removing the name of the kins and exposing that of the architect. 

Finished in the reign of the second Ptolemaic*, the Lighthouse stood 
between 3*3 and 440 feet tall, compared with 480 feel fur Khufu's 
pyramid and 555.5 for the Washington Monument. It was built in three 
sections; the lowest square, the intermediate octagonal, and the highest 
cylindrical, Helical stairways led to the top. urtd the lowest section con¬ 
tained fifty rooms. The tower itself came to be called the Pharos from 
the island on which it stood. 

At a later date die Pharos was certainly used as a lighthouse; that 
is, as a tower on whose summit a lire was kept ji night to help rtaviea- 
tion. There is some question, however, us to whether such a light was 
kepi burning in curly Ptolemaic times, or whether the tower guided ships 
to harbor by daylight only. It would indeed have helped Mediterranean 
mariners in this way, as it was visible bug before the low flat coast 
of the Delta rose out of the turquoise sea. From an account by an ob¬ 
scure classical geographer of another genuine lighthouse, which may 
have existed before the Pharos. I think il probable that the Pharos enr- 
tied a beacon fire from the start. 1 * 

The tower stood for fifteen hundred yestn, guiding ships to port. Al¬ 
though stories that it cast its beams afar by subtle combinations of lenses 
may Iw dismissed .is legends, a simple flat metal mirror behind the flame, 
to strengthen its light. is not impossible. 

Our best descriptions of the Pharos come from a pair of medieval 
Muslim t rave lets. The Spanish Moor ldrisi, tt who was in the eastern 
Mediterranean about 1115, wrote: 

We notice the famous lighthouse, which has not its like in the world for 
harmernv of construction or for solidity: vince. in wy nothing of the fast lh.it 
it ii built of i be excellent stone of the kind called ul i.itiihtlhAn. die courses of 
th«c stones arc united by molten lead, and the joint', ire vc adherent th.it the 
whole is indissoluble, though the surge of the «n from the north Incessantly 
hems against (he structure. The distance between the light bouse and the city 
is one mile by sen and three miles b> land, tu height Is 31)1) cubit, of (he 
mvfi,-:■./]! jtandard, each cquat to three spans, making a height of tilt) fathoms, 
whereof 96 «t to the lantern and four tor the height of the lantern. From the 
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ground IQ flic middle gallery measures exucily 70 iatbomk a-oJ hoes the 
gallery to the top of the JlgliiboitMc, 26 H 

Otic dumbs lo ihc summit by a broad staircase fruilt Lulu the interior, which 
is 4 s bread s* lho*c ordinarily creeled in minuet*. The first *tatrcaiw ends 
aboui halfway up the liuhJiwusc, and I hence, on :;1 four sides, ihc budding 
narrows Inside and under the staircase* chambers have been built Starling 
from die gallery, the lighthouse rise?, ever Mpewiag» to its top, imiil at last 
oise cannot always turn os one dfrnbs- 

From this same gallery one begins to climb ijjujfi. to roach Ihc tnp, by a 
flight of steps narrower than she lower %tairea*t All parts of ihc lighthouse 
are pierced by windows fo give lighl to pmoni i^ndiiig and to provide 
them wtib firm footing as shey climb. 

Tliis building b Angularly remark ahte. as much m tecDuot of its heigh I a* 
its stolidity; it is vay useful, in ihai it is kept ill night P iadtfa} ai a beacon for 
navigators throughout the w hale sailing season fmriftcn know ihe fire and 
dircci their course ELCCordingly, for it Is mBjfc icby^saU [ IOO mdetj away. 
By night ii look* like u brilliant si*r; by day one can perceive iLs ,Enoke. lffl 

When Yusuf ibn-ash-Shsykh, another Spanish Moor, visited ihc 
tower in 1165 , he found it.no longer used as a lighthouse. Instead, n 
small mosque had been installed on lop in pl^te of the beacon. Failh 
hud triumphed over utility. Being an experienced builder and architect, 
ibn-ash-Shaykh carefully measured the lower, ind it is his figures that 
we rely on today. We cannot, however, translate them confidently into 
modem fee!, becyu.se he gave the measurements in cubils and wic do 
not know which of several possible cubits lie meant. 

In the century following ibn^nsh-ShaykVs visik i.n earthquake brought 
the Pharos crashing down The rkk were siill LO be seer, in +XV, hut 
now they have all disappeared, A1J one can sre today are some sea- 
washed rocks along the shore of the island. which is new firmly joined 
to the mainland by the piling up of sand along PtoSrmaios* seven-furlong 
causeway. 

As with many tmcicnl building and monuments, people made up 
legends about this structure after the original hid disappeared. One 
fltoiy about the Pharos b lhat the li>/antine Emperor* wishing lo hnntt 
the Caliph's trade, sent word to the hitter Ikil treasure was hidden in 
die tower. Eyes agienni with avarice, the Caliph sc: his men to demolish¬ 
ing the Phams, and noi umil it was half dmrcycJ did he perceive the 
trick that had been played upon him. 

Alexandria itself was bid out on the typical Hedonistic gridiron plan, 
with ns lone axis east and west. Two main avenues, 46 (eel wide and 
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bordered by colonnades, crossed at right angles and divided the city 
into q tone ns. The longer of these avenues, Kanobic Street, ran from 
the Gate of the Sun it the eastern end of the walled cUy to the Gate ol 
the Moon at the western end. 

The toys! parks and palaces occupied Point Lochia* and the area 
around the base of this promontory. Not far away—though experts dis¬ 
agree m to which way-stood the Serna (o tremendous tomb thsi Pick- 
maiog built for the body of Alexander 3. the Museum, the Library, and 
other public buildings. 

Because Alexandria has been continuously occupied from Aloxan- 
dcrifc time to the present day, kw relics of Hdknhtk times survive. And, 
because it is now a large, heavily built-up city* with over a million peo¬ 
ple* tt cannot be thoroughly dug up by archeologist* to settle doubtful 
points. Many maps haw been published, showing [he city as the cartog¬ 
rapher Thought if was in ancient times. But the wide differences among 
these maps show I hem to be largely based upon simple yuesswork* 

The Greeks called the city M Alexandria near Egypt.” u For the land 
on which it stood was not considered pari of Egypt proper. The popu¬ 
lation was mixed, and the various natiomdilies lived in their own sec¬ 
tions: I he Egyptians in Rhnkotis to the southwest, the Jews in the Delta 
Quarter io tin: northeast, and the Greeks in the Brouchdon in between. 

The polyglot population got the reputation of being lively, quick¬ 
witted, humorous and irreverent, but lacking the more solid virtues. 
Though of little worth as soldiers, they were all too ready to riot. The 
different communities rioted against mch other, and all together rioted 
against any king Or emperor whom they disliked, Sometimes one of 
the more ferocious tyrants, a Ptolemy VL1 or a CuracJlj. Just patience 
with this fickle and turbulent folk and ordered a massacre* But the 
Alexandrines never learned* 

Ptolemaic Alexandria was not only a teeming political and com¬ 
mercial center hut also I he worlds scientific capital. I he city earned 
this eminence as a result ot a genetic accident, which made the hm 
three Macedonian kings not only able statesmen but also genuine iniel- 
leciuals Piolemaios I Soier was a historian: Ptolematijs El Phliuddphos 
dabbled in zoology; and Ptolemaios Ell EvergCles was a mathcntatictan, 

Philaddphos was perhaps the most brilliant of the entire lino: sfckly 
of body and luxurious in taster but immensely shrewd and versatile. 
He ii was who remarked that ihe trouble with beinc a king was that 
you had 10 kill so many penpk who tmd not dune anything really wrong, 
but whose cxbtcuoe was harmful to the stoic. He attged magnificent 
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parades to amuse the effervesced Alexandrines. One of (hew displayed 
Ibe animals from hl% private zoo, including a polar bear (however such 
a beast cot lo Egypt! i. and a gilded ptuiilu* ISO feet long, 

A liei I he third Ptolemy. ihe line began IP run down. Thereafter, in¬ 
competent Ptolemies dki more harm than the occasional able met coidd 
repair. The last of the Line, the famous Cleopatra VII. was COfiskkret1 
n wonder because she was the first of the dynasty to learn Egyptian. 

The man who enabled the Ptolemies to achieve their most important 
accomplishment was an exiled Athenian politician, Demctrios of Phul* 
cron. This Demetrius. Phale reus had studied in tine Peripatetic school in 
Athens, entered politics, rose t a prominence by his oratory, and became 
rich. Later, Kassmtdros, a Successor who ruled Greece and Macedonia, 
made Demetrius governor oF Athens, 

For ten years, Demetrius Tukd Athens as K^attdrr^" puppet, giving 
the Athenians sound, moderate rule. He boasted that Hfc in hb city all 
things were abundant and cheap, and every one bad plenty to live 
upon/* 1 * He also indulged his iasre for a luxurious and licentious pri¬ 
vate life, nil hough he issued puritanical decrees forbidding ofhci Athc- 
man* to do likewise. 

During a war between I wo Successors, De met rifts Poliorfcetes (who 
later besieged Rhodes) landed in Greece and seized the port of EVirakua 
{—307), Detnetrios Phnkreus fled to Egypt. The fickle Athenians, who 
had fitted Athens with statues of Demetrius Phakreus, now destroyed 
the statues, condemned Demetrius Phakreus to death in absentia* and 
turned to the other Demetrius with such fawning worship thal even that 
vain young man was disgusted. 

Arriving aMhe court of Ptolemaic* Softer Demetrius Ftinfcrcu? soon 
worked hintwlf into the position of the kings literary adviser In this 
capacity he suggested (hut the king set up a universal library h to hold 
copies of all ihe book? in the world. 

A book in those dm was a papyrus rot), handwritten or dictated 
by the author .rad copied by scribes. The roll was a Jong strip of squares 
of pap)Tm glued together, edge to edge und wrapped around a wooden 
dav-L-J rod at one end. Plinius the Elder tells how this writing materia! 
was made* 

The process of making paper from papyrus h to spUt U with a needle Iuio 
very Ihin strips mode as broad as possible, the best quality being In the crnEer 
of the plant. , _ Paper of .ill kind* tl "woven" a board moistened with 
wider Ire m iht Mk K muddy liquid supplying I he effect of glue. First, an up¬ 
right layer h smeared on to the table, using; the lull length ut papyrus avariT 
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able after (be trimmings hu*c been cut off at both ends, and afterward? cross 
strip* complete the Louise work. The next step is to press it ia proves, and 
the :hceii axe dried tn ihe sun and then jntoed together . , . ltt 

The squares varied sit size, most of them being 9 incites to a foot on 
a side. Although some rolls were as much as 150 feet long, containing 
the cm ire /Had or Odyssey, such rolls were awkward to handle and rarely 
used. In Plinius 1 limn, the standard roll was of twenty sheets, which 
gave a strip 15 to 20 feet long. Long work* were divided into “book*” 
according to Lhc amount of text that could he conveniently writ urn on 
rnlFs of standard %hc. One such “book” formed a cylinder about 6 inches 
in diameter iind contained the equivalent, approximately, of ten to 
twenty thousand words of modem English tcjet. The text was written 
in columns, shout as wide as those of modem bonks. 

Papyrus paper was a glossy, craefcly* golden-brown substance, brittle 
and fragile. Because the material was so perishable, because only a small 
number of copies of most books were ever made, and because a he roll 
was awkwatd to handle and easy to drop and damage, only a smalt 
fraction of the writing* of classical time* has come down to us. 

However, King Piolemakw' buyers scouted the Mediterranean for 
valued txKjkv Travelers arriving in Egypt were compelled to give up 
any bixaks they Sind. These books were copied, the originals placed in 
the Library, and the copies given the travelers. 

Later, Ptolemyios til persuaded the Athenians to lend him the origin 
nal. autograph copies of the plays of AischyJos, Sophokks, and Euripi¬ 
des for copying. Once be had them, the king kept them and sent back 
the copies. cheerfully forfeiting the fortune of fifteen talents, which he 
had deposited m bond for liic return nf the originals. 

Founded by the firM ftolemaios, the Library reached its definitive 
form under the second, who appointed the first of a long line of chkf 
librarians. All the rulers of this dynasty (save perhaps the seventh hoje- 
mnios, whs) favored the native Egyptians against the Greek ruling class) 
fostered the library and added to it. 

At ils height, the Library held nearly three-quarters of a mElion rolls* 
Many of these, however, must have been duplicates, because there were 
not enough authors in the ancient world to produce so many separate 
titles. 

While it endured, the Library made Alexandria the unquestioned in¬ 
tellectual capiisd of the world In building she Library, the Ptolemies 
made a lai greater contribution to civilisation than all their palaces and 
parades. Many rukns hove sought eternal fame: some by conquest and 
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massacre, some hv buikfing grandiose temples jnd tombs, some by 
forcibly cc umi tin g multitudes to therr particular creed, ufid some by im¬ 
posing a host of strangling rules and restrictions on ihctr subjects But 
few rutors have ever succeeded in doing so much good with so litile 
suffering as the Ptolemies did in building up the Library of Alexandria. 

As for Deineirios Phalereus, who started ihe whole thing, be did not 
fare so well PtcJcmabs 1 had two sons, both named Ftokmaios. When 
the question of succession arose, Dcmeirios Phalcreus favored the elder 
son. a gloomy and violent youth sumamed Kcraunos or ' FhundcrbolL” 
But Ptolemaic J named the younger as hi* successor. Prince Thun¬ 
derbolt left the court, munkred his way to ihe Macedonian throne, and 
scon perished in battle wiib Celtic barbarians. When Ptolcmaios 11 be¬ 
came ting he banished Dcmetripjj Phabreus la Upper Egypt, where the 
Athenian died of snakebite* 

A series of fires and depredations during the Roman period gradually 
destroyed the Library. As the books were stored in two or moic build¬ 
ings, no single fire consumed diem ML When Julius Caesar occupied 
Alexandria in —48. Cleopatra urged him to help himself io the bwks t 
and he took away hundreds or thousands to be shipped to Rome, 

Then Alexandria revolted against Caesar and Cleopatra. Ip the fight¬ 
ing. either the books limit Caesar hod token nr those in one of the Library 
buildings, or berth, were burned. When Antonins formed his connection 
with Cleopatra* he stole and pave her the 200,000- roil library of 
Ferjramon to replace the tosses. 

The Library probably suffered further damage when Aundbinus sup¬ 
pressed a revnh in Alexandria in +272; when Diocletian put down an¬ 
other revolt in ^295: and again in +391 when Bishop Theophiliia* an¬ 
other bloodthirsty fanatic oF the Hitlerian type, led a Christian mob to 
the destruction of ihe temple of $erapis r where some of the books were 
kept. The remaining rolls were finished off by the Arabs of the Muslim 
general ‘Amr ibn-aL'As when he captured the city in +64ti. 

A story relates that 'Afiir wrote his Khalifah asking what to do with 
these book* of the mil dels He received the reply that if they agreed 
with the holy Qur'an they were superfluous, whereas if they disagreed 
wilh it they uere pernicious, so it were welt in any case to destroy them. 

Modem apologists for ihe Arabs have denied this story and put all the 
onus of the destruction on the Christum*. Christum apologists, on ihe 
olhef hand, have striven to exculpate the godly Theophilns and pul 
the blame hack on the Muslims, 

In fact, we shah never know just how many books were destroyed 
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ar each devastation. Not shall we know to what extent die destruction 
was due simply to the agents of time Lind neglect—mitt! and mold, 
thieves and termites— which were suffered to work their will unchecked 
when, with (he rise of Christianity, governments lost interest in the pies— 
ervalion of mundane writings All we can say for sure is ihut monothe¬ 
ism proved as deadly si foe of teaming sis war and barbarism. 

With the rise of Christianity and Islam, the ancient custom of burn¬ 
ing the books of one’s foes, to torment them or simply to enjoy (ha 
bonfire, was aggravated by ihe fanatical animus of dogmatic theology. 
Fur example, the Christian Roman emperor Valens commanded a gen¬ 
eral burning of non-Christian books f+373). The Muslim Arabs de¬ 
stroyed the books of the ZrittOastrian Persians when they compered Tran 
f+637), The Crusaders burned the books of Muslim learning, in the 
number of over 100,000, when they captured Tripoli f 1109). The 
Spaniards did likewise when they reconquered Andalusia from tire 
Moors t t JCVI: Cardinal Jimenez. a successor to Torque muds as Grand 
Inquisitor, hnd a haul of 24,000 books burned at Granada. And Diego 
de Lauda, Bishop of Yucatan, topped off the record in the 1560s by 
burning the entire native literature of the Mayan Indians, on the ground 
that ''they contained nothing in which there were not to be seen su¬ 
perstition and lies of the dcviL 1 *** Tantttm reiigio potuit ,t umlere 
ntalanan, 3 * 

Perhaps the biggest single loss to classical literature occurred when 
the Crusadm treacherously seized Constantinople in 1204 in order to 
carve up the Byzantine Empire into feudal domains, incidentally open¬ 
ing the way for Ihe Turkish conquest of southeastern Europe. Hundreds 
of classical works, which had survived till then, went up in flames at 
Inst. Small though the extant fraction of ancient literature is, the wonder 
is that any survived at all. 

Closely connected with the Library was the Museum. The word 
"museum 1 means "shrine of the Muses." The Peripatetic school in 
Athens h.id centered around such a shrine, which was also used by the 
school as a library, because in Athens a school had to have a religious 
basis in order to gain the protection of Athenian Itiw, 

The Museum of Alexandria w» the neatest thing to a modern uni¬ 
versity that dir ancient world experienced There was ;u least one build¬ 
ing where specimens wild be displayed, experiments performed, and 
lectures heard. In this building a number of scholar?, paid from the 
royal treasury fund later by Roman governors) studied,, wrote, and 
taught. A priest of the Muses headed the coliece. 
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More exact wt cantior he, in the absence of hard inform it ion. Some¬ 
time* the term.* “Library" mid “Museum" are used interchangeably, as 
if they wen* one and the same institution: but we do not know just bow 
tills center of learning was administered. 

The scholars srem to have had a good deal of freedom, like (hose 
In the present Institute of Advanced Studies at Princeton, However, they 
sometimes presumed too far on their freedom of speech. When Sotaiks 
of Maroneia wrote a ribald verse about (be marriage of Pick 1 mains 
Philadelphia to his sister, the poet was jailed. He escaped, but Philadel- 
phos’ admiral recaptured hint, put him into a leaden jar, and dropped 
him into the sea. 

Much brilliant scientific work was accomplished io the Museum during 
its first three centuries. Eratosthenes calculated the sire of the earth with 
amazing accuracy. Hipparchus compiled his great star catalogue and 
invented latitude and tone it tide. Arista (Then of Sain os. a pupil of St rat on. 
had the boldness to put the sun instead of the earth at the center of 
the solar system , Copernicus only borrowed the idea i.flOO yean: later. 
Herophilos and Erismitos launched the sciences of anatomy and physi¬ 
ology hy dissecting corpses until unrest among the Egyptians, whose re¬ 
ligious feelings were outraged by ibis practice, led the king to forbid 
dissection. 

While the savants of the Museum were advancing the pure sciences, 
other men were making similar progress in engineering, For raising 
heavy weights, for instance, builders no longer had to depend upon long 
sloping ramps. They lifted stones directly by cranes, consisting of one 
Or more poles fastened together at the rap and a block and tackle with 
pulleys, B> the end of the Hellenistic Age, hoists contained as many as 
five pulleys, giving a five-to-onc mechanical advantage. 

The mpe was pulled hy means of a capstan or by a treodwheet. This 
was j large drum-shaped wheel in which, like squirrels in a cage, men 
walked up the curving inner side to make the wheel turn. Although the 
tread wheel had long been used in Mesopotamia for raising water, its 
use as a hoist for building materials was probably a Hellenistic inven¬ 
tion. Two Hellenistic engineering treatises, by Philon the Byzantine and 
Biton. tell about it. Philon proposed to use it to work a bucket chain 
for raising water, which is plausible enough. 

Bitan, however, wanted to move a belfry by means of this mechanism. 
Simple calculation.* show that thb mu*t have been an armchair inven¬ 
tion that would not work in practice. because the siege tower would be 
for toy heavy to be moved by the number of men that could be crammed 
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into the apparatus. Still, this is the first proposal for a mlf-propclled 
vehicle, wherein the source of power b wholly contained within the 
vehicle. However impractical. Biton's design b the remote ancestor of 
the automobile. 

We know what a classical treadwhed looked like, because a dear 
picture ol a treadwhed working a crane appears in a ftrat-ceituiry relief 
on a Roman funerary monument and elsewhere in Roman art. The re¬ 
lief on the monument, commemorating the building of the tomb, shows 
the tread whed with four men inside it and a fifth dim King in. while 
two others lend musde by pulling ropes attached to the outer ends of 
the spokes. Two other workmen hiivt affined palm fronds to (he top of 
the crane, presumably to celebrate the end of the job. 

Other engineering problems arose in building the enormous statues 
admired in Hellenistic times. Hellenistic ideas of sculpture differed from 
those of earlier centuries. Statues showed particular individuals with all 
their physical peculiarities Faces took on realistic expressions. The 
Olympian calm of Lhc busts and statues of the Golden Age gave way 
to realistic smiles, scowls, anti grimaces of pain-such as the tortured 
expression on Sfcopas’ famous statue of Marsyas. a mortal who lost an 
argument with u grx! and was about to be Hayed as a forfeit. 

Hellenistic sculpture is often said to represent a decline from the 
“idealism*’ of the earlier period. I suspect that the earlier sculptors 
failed to gut their works expression and individuality, not because of 
idealism, bui because they did not know how. The techniques had not 
yet been worked out. Hence these earlier sculptors tended to make all 
their men look alike, just as people in pictures Illustrating magazine 
stories today often show a monotonous sameness. 

A leader of the realistic school was Lysippos of Silty cm, a town on 
the ^ northern coast of she Pclnponntsos. Lysippos and his brother 
Lysistnttos arc credited with several advances in the technique of sculp- 
ture, such as the fife musk and the lost-wax method of casting In addi¬ 
tion, Lysippos is said to have turned out the huge toiai of (,500 statues. 
But the only one whereof we have even 4 copy is his Apoxymenos, or 
Man Scraping Oil from Himself. 

Lysippos also made a couple of colossi for ibe city nf Taras in Italy, 
The first was a Heraklcs; the second and larger one, a 60-foot Zeus. 
Ti< keep the prevailing wind from blowing down the larger statue, 
Lysippos put tip column on the windward side of the statue to break 
its force. 

Of Lysippos’ pupils, Euiydiides executed the famous Fortune of 
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Antioch and perhaps the renowned Winged Victory of Samothrace. 
which now stands in the Loime in Paris. Another pupil was Chares 
of Undos, a minor city on the island of Rhodes. Chares created the 
most celebrated statue of an Equity, the Colossus of Rhodes, 

As you recall, after Demetrius Polite tetra gave up hi* siege of Rhodes 
and sailed aw ay , I he Rhodia ns sold Ehe m-iteriaU of Demetrios 1 engines 
of war and used the proceeds to build ;i colossal sialuc of the sun god, 
HeKas-Apollo. It took Chares twelve year? to complete the work, which 
cost 300 interns, or about 20,000 pounds of silver. That was a lot of 
money in those days. 

The Colossus is mid to have been 70 cubits <90 El? 120 feet, depend¬ 
ing on which cubit is assumed! high It may be compared with the 
Statue of Liberty, which stands 151 feet from base to torch ox 111 feet 
from heel to crown. While the exaei location of the Colossus is not 
known, some scholars believe that ii stood near the site of the existing 
Mosque of Murad Reis, at the north end of the old city of Rhodes; 
others, ihut it stood near the rite of the Castb of the Knights or Rhodes 
farther south. 

A battered bas-relief found on Rhodes probably shows what the 
Colossus looked like, A sun god. nude but far a cloak draped over his 
left arm, stood on a pedestal, gating eastward over Ehc sea. A spiky 
crown of solar raj's encircled his head, and hts right hand was raised to 
shade hh eyes against the beams of the rising sun. He was probably, 
like AlcJCSirtdcr, clean-shaven but with his hair rather long. 

A work on the Seven Wonders of the World exists under the name of 
Pbilon of Byzantium. a noted Hellenistic engineer,, albeit some scholars 
doubt if Fhilon wrote- it. This Little treatise givei: ;t gocni idea of Chares’ 
methods. 

First, ihe skeleton of the statue consisted of two at three stone columns 
extending up through the legs and the drapery m the trunk and head. 
Stone architraves joined ihese co turn ns at the lop. From the columns a 
spiny armature of iron rods extended out to ihi_- surface of the statue. 
The outer surface was made of plates of bronze, hammered into shape 
and riveted ta each other and 10 the iron braces. 

To get these plates up lo the rile of Lhe work. Chutes and his crow' 
simply piled a great mound of earth around the statue and walked up a 
spiral path to the top. As the work rose, the mound was enlarged until 
ihe last rivets were in place. Then all the earth of that 100-foot man¬ 
made hill was shoveled up and home away in baskets 

Chares’ Colossus stood for fifty-six years, arousing the admiral ion of 
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all for its beauty as well a* its size. Then, in ’-224, an eurthquuke tryer- 
threw it, and the '"colossal wieck" lay cm the ground until the Saracen 
conquest. In +656. on Arab general,Mti'awiyyah* scrapped it and shipped 
the bronze to Syria. There ,i Jewish merchant of Edessa bought it and 
carried it oil on ^00 (or 9S0j camels, presumably to be turned into 
tr4>* and lumps. 

Phikprs says tJuil the statue contained f>00 inlem* t ions) of bronze 
and 300 talents {9 tons) of iron, and that building the Colossus caused 
a temporary scarcity of bronze. His figure for the bronze is probably 
wrong, because the bronze in dint ease would be only une-iuxteenth of 
an inch thick, which seems ten* flimsy to withstand the wind. Moreover, 
the number of cun mis ih4t earned away the bronze could easily bear 
over 2(10 tons. Probably the bronze was ahoul an inch thick and 
weighed over 200 tons. Compare the Statue of Liberty* of ihe same gen¬ 
era! size, which weighs 225 Lons, including 100 ton* for the copper 
sheeting. One would expect Bartholdis Liberty to weigh somewhat km 
than Chares' Hellos, because Bartholdi had steel girders to work with 
while Chutes did not. 

Some well-known stories about the Colossus, which appeared long 
after the statue was bui1t > can be safely rejected* One is the Statement 
of Sextus Empiricus CKI}* who sakl that ot firsi the statue was [Manned 
to be hair its even turd height. When the city decided 10 double the height. 
Charts asked for only twice the original fer, forgetting ihiii the material 
would be increased eightfold, This error dfove him to bankruptcy and 
suickk. 

It seems, however, incredible that a mm with the engine ring skill 
that Chares must have had should not have known the vijua re-cube Jaw. 
This law states that, if you increase the dimensions of an object while 
keeping its shape the same, ihe urea increases its she square of the di¬ 
mensions while the mass and volume increase as the cube. That is why 
no Hying .inimul lm> ever exceeded about 30 pounds in weight, and 
SindNtds roc, winch bore ofl elephants m its talons, would lie quite im¬ 
possible. 

Ollier tales about the Colossus appeared in the Middle Agc% more 
(tom a thousand years after Chares' lime and several centuries alter the 
fcaiains of the statue had been junked. The best-known of these says 
to the Co loss lit bestrode the harbor* 

■ Ita braren etnni Greek fame. 

Vi kh conquering limln stride irem knd to land*^ 
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Its feel rested on the ends or two moles, so thii! ships passed between 
its legs. This legend, perhaps suggested by the remains of fortifications 
on the moles. Ls impossible for engineering reasons. For one thing, the 
wide-spread legs would rise at a slant, and the interior stone- columns, 
which braced the whole statue, could not have stood at such an angle. 
For another. Chares’ method of construction, if applied to such a site, 
would have required filling the harbor with an earthen mound, which 
would have made the harbor useless for twelve years or ruined it for 
good. Furthermore, despite the statue's size, only very small ships could 
have entered the harbor between the tegs. Arid finally, no ancient au¬ 
thority says anything about such a dramatic po'-t, 

Other medieval talcs averred that the Colossus was 900 feet tall 
(technically impossible} and that it had a beacon in its head t unlikely 
because of the difficulty of getting fuel up to the beacon) Recently the 
Governor of the Dodecanese Islands announced plans for building a 
replica of the Colossus in modern Rhodes, using bronze-colored aluifti- 
num for the skin. 

Tn the reign of Ptolemaic* 11 Philodclphos (—235 to —247) there 
dwell in Alexandria a man named Ktesibios. The son of a barber, he 
grew up in his father’s trade but showed an early bum for gadgctcering. 

One dnv Ktesibios wished to mount n minor in his father’s shop so 
that it could be pulled up and down, tike a window sash, without the 
mechanism's showing. Therefore he installed a wooden channel under a 
ceiling beam with n pulley sit each end. The cord from the mirror nut 
up. over one puUcy, along ihe channel, over the other pulley, and down. 
At the other end of the cord was a leaden weight, sliding up and down 
in a tube. 

AIJ went well-except that when the mirror was pulled up. the counter¬ 
weight tripped air below as it descended. And the air, escaping from 
the tube, emitted a musical sound. This gave Ktwibfos the idea of build¬ 
ing musical instruments worked by pneumatic machinery. 

From this beginning, Ktesibios became the Edison of Ptolemaic 
Alexandria. Although nothing mote is known of his personal life, and 
the book he wrote is lost, several later writers described his inventions. 
It is a eutsi, though not unlikely, that he joined the Museum as one of 
the Ptolemies' subsidized savants. He did construct a singing cornucopia 
for the funerary monument that Philadelphia creeled to his sister-wife 
Ariinoi about —270, 

Ktesibios' main inventions were the force pump, the hydraulic pipe 
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organ, ibc musical keyboard, the metal spring, and the water dock. 
Vitruvius describes the pump: 

Et fcllowt now to describe the machine of Ctesiblui, which raise* water to 
a heidil. It would be of bronze. At the bouotn would be twin cylinders, a 
small distance apart, having pipes converging in the shape uf n fork, meeting 
in a vessel in the middle. In this sessd would be valves, accurately fitted over 
Ibe upper openings of ihe pipes, which stop up ihe openings of the pipes anil 
do nor alio* that which the air has forced into the vessel lo escape . . . 
Pistons, smoothly turned and treated wiih oil. arc mserted into the cylinders 
from above, and ihm confined, they are worked with rods and fevers. As ihe 
valves dose the opening*, the air and water in the cylinders will be driven 
onwards , . « B4 

The beam that worked the pistons was pivoted between them, so that 
when one piston rose the other fell. Without repeating nil of Vitruvius' 
ciposition, we can say dial he describes a perfectly practical pump, which 
could be built to his specification. Remains of several pumps of this 
kind, dating from ihe classical period, have been found in one from 
Mett, ihe cylinders were of lead encased in a block of wood. 

KlwibioV organ consisted of ihe following main parts: 1. A two- 
cylinder air pump, like the water pump previously described, 2. An air 
vessel shaped like an inverted funnel or bowl, into which the pump 
forced air, and into which water was admitted under pressure from the 
bottom, to keep the air pressure and hence the flow of air through the 
organ pipes constant. 3. A scries of tubes leading up to (he organ pipes. 
4, A .set of pipes. 5, A set of valves separating the tubes from the pipes, 
each valve consisting of a disk with a hole, so thal in one position the 
flow of air is col olf by the solid part of the disk and in the other ihe 
hole in the disk registers with Ihe lube and the pipe vo (fiat the air 
flows freely through. 6. Finally, a keyboard for operating these valves. 
The invention included not only the main idea of the organ, but also 
Ihe hydraulic mean-, for keeping the air pressure ccnstuni and the key¬ 
board fnr selecting the pipes to sound. 

Moreover. Ktesibios kept his valves in place by means of iron springs 
-the first known metal springs. People had of course long known the 
springy qualities of wood and horn and made use of these virtues in 
bows. Bui this was the first use of metal for the purpose. However, iron 
springs did not prove satisfactory for a intle time to come, because an 
iron spring requires special heat treatment, and only the most skillful 
smiths could make such a spring. 
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Hg. S, The pipe organ of Heron of Alexandria, built after the design o£ 
Ktestbios |/rum Woodcraft* edition of Her tin's pneumatics). 


In odd it ton. Kicsibios tried bronze springs in a catapult that he de¬ 
signed- In this machine, instead of the throwing amis being thrust 
through skeins of hair, ihcse arms were pivoted. When the string was 
drawn back, the short ends of the arms were forced against bronze 
springs. 

Ku-sibios also used bis new-found knowledge of pneumatics to design 
another catapult, worked hv compressed air. The arms were pivoted 
as in the previous design. But, when the string was drawn back, instead 
of bending spring!*, the short ends of the arms forced pistons into air¬ 
tight cylinders. 

No catapults like those of Ktcsibios arc known to have ever been used 
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in warfare. The probable reason is that, although litt inventor's ideas 
were sound, ihe metal-working standards of the time were not up to the 
demands that he put upon them. Nobody, for instance, could make a 
piston and cylinder accurately enough so that the cylinder would hold 
its air while the engine was being cocked. Even 2,000 years later, in 
+XVIII. Matthew Boulton thought his mechanics were doing well when 
they bored steam-engine: cylinders without an error greater than “the 
thickness of an old shilling. At [hi* time England was the world's 
foremost industrial nation, the leader or the Industrial Revolution, it' 
you can imagine what classical standards of shop work must have been. 

Kicribios also invented the water clock. A glance at ihe sun may let 
a peasant all he needs to know about the time, but increasing! v busy, 
organized City life calls for increasingly accurate and minutely subdivided 
reckoning of time. 

A rod stuck upright in the ground or projecting horizontally from the 
top of a wall serves as a simple sundial Or rather, it would if the sun 
followed the same course every day. instead of shift ins up and down the 
sky with the seasons. Hence ihe lip o[ the shadow follows different 
courses on different dates, and the place where the shadow fails must 
be marked off accordingly. 

A contemporary of Ktcsibios. Be rose* the Babylonian, invented an 
improved sundial, Berov* represented a new class of men: learned and 
intelligent non-Greeks or “barbarians’' who adopted a veneer of Greek 
culture and were absorbed into the mainstream of Hellenistic intellectual 
life. 

Be rasas started as a priest of Mardut; in Babylon. Bui mighty Babylon 
wav fast decaying, especially after Antigonos One-eye sacked it in -310. 
So Berosos sought his fortune in the West, when so many Greeks and 
Macedonians were seeking theirs in the opposite direction. In Athens and 
Kos he taught astronomy and astrology, for the science ami tlw super¬ 
stition were still one in those days. Later, at the court of Seleukos' son 
Antioctios. Bctosck wrote In Greek a history of Babylonia. 

Berosos' hemic yd ic sundial was a hemispherical bowl carved in a 
block of marble. Fiom the inner rim or the howl, a pointer or gnomon 
eatended out horizontally to the center of the circle. Lines inscribed on 
the inner surface of the bow) showed the course followed by the tip of 
the shadow in different months. In an improved form of this sundial, 
possibly developed by Amtarchos of Samos, most of the bowl was cut 
away, leaving only the section over which the shadow of the gnomon 
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actually played, The sundial of the modem iype s with 3 slanting gnomon 
pointing towards the pok star, is a medieval Muslim invention 

The best sundial however, worked only in the daytime and then only 
on dear days. Hence the clepsydra, also called a night dock or a winter 
clock, appeared in anckm Egypt In its original form it was a jar with a 
hole in the bottom, into which a measured amount of water was poured, 
When the water had alt run out, time was up. 

The Athenians used the clepsydra to measure the time allowed orators. 
If a man was being tried for his fife, the jar was filled; fecit, in trivial 
cases, only a little water was poured in. If a speech was interrupted, the 
outflow hole was stopped up ami] the speaker could resume. 

Despite hb contempt for practical applications of science, Plato is 
said to have rigged up an alarm depsydra to signal the start of his classes 
at dawn: M U h said that Plate imparted a him of the water dock's con¬ 
struction by having made a time-piece for use at night which resembled 
a water-organ, being a very large water-clock. 

A German scholar figured out that Plato's clock was probably a jar 
with a siphon. Water ran into the jar until it reached Lhc curve of the 
siphon. Then the siphon emptied the jar all at once into another vessel* 
4nd dr escaping from the other vessel bkw a whistle* 

The clepsydra had a shortcoming, unimportant in such a crude lime- 
piece but sEgnificaui w hen efforts were made to construct 3 more accurate 
Witter clock. The rate of flew of writer through a hole in the bottom of a 
jar is not always the same. Waller Hows faster if the head of water—that 
is, the depth of lhc water at the orifice—is greater. Hence if two dippers 
of water are poured into the jar, they do not take twice as long to flow 
out ns one dipper, but a little less^ because the first dipperful flows out 
under higher pressure than the second. Also, naturally, the dogging of 
the hok by dirt would blow down the flow, 

KteaiWoi solved these problems. His orifices were made of gold* or 
of gemstones bored through. Therefore the hole could not be topped by 
tmi of dirt, and it could easily be cleaned without being worn away in a 
larger size, 

To keep the rate of flow 1 constant. Ktesibios changed the system of 
using □ single vessel. Instead, he set up three vessel*, of which the first 
emptied into she second and the second into the third The first vessel 
was kept lull. The second vessel had an outlet tn the bottom and an over¬ 
flow outlet partway up the side, like Ihe overflow outlet in a modem 
bathtub, Since water rose in the second vessel only up 10 the overflow 
hole, the water in this vessel stood at a constant depth, and the rate of 
How was constant. 
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Bin, since neither the first nor the second vessel was allowed to run 
dry, how did Ktesibkis measure tune? In the third vessel a drum-shaped 
float of cork floated on ihe water. As the third vessel filled, the float rose. 
By means of a rack and pinion gear, the rising float turned a shaft. By 
gear wheels driven by this shaft, "figures are moved, pillars are turned; 
stones or eggs lei fall trumpets sound, and other side-shows.'* 17 

Although Vitruvius says that Ktesibios used gear wheels (tympatu, 
literally "drums") the making of such wheels was still in its infancy. 
Because of the practical difficulty of making good toothed gents, it fo 
likely that most curly clock motions were transmitted instead by pulleys 
and si rings, as was the case wilh the water clocks built a thousand years 
later under the Caliphate. 

A favorite time-marking mechanism with the eaily clock makers was 
a bird that moved and sang <m the hour, exactly us does the bird in a 
modem cuckoo dock. In this sense, the cuckoo part of a cuckoo clock 
is older than the hands and dial. The first docks were designed to mark 



FT®, tf. The panwtslic water dock of Ktcslhkn (f,„ m OieUT The pillar 
at ihe upper nghi can be turned to allow for variations m the lengdr of hours 
in different seasons. ^ ‘ uw ‘* 
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the hour* by -ipceiacular alarums, not to subdivide the inti! mediate pe¬ 
riod minutely and indicate il accural irfy, 

Ktesibios did, however. also invent a dock that showed ihe time more 
exactly, just as a sundial docs rn good weather, This “parasitic 4 " clock 
had the same system of vessels as ihe first dock. A staff, rising from the 
center of ihe final. I*r>re on i is top □ figure holding a pointer. Ibis pointer 
indicated hours, marked on a pillar. 

Ktcsibios hud to tivemamt a complication that would not trouble 
him today In his time, an hour was defined as one-twelfth of the day 
from sunrise to sunset. As she day is longer in summer than in winter, 
the daytime hours were also longer in summer than in winter. 

One method of adjusting the dock to hotus of different lengths was 
to control the flow of water by an adjustable cone-shaped valve. An¬ 
other was to drill the outlet hole of the intermediate vessel in a bronze 
disk that could be turned in its mounting, so that the hole could be 
raised oe low Lied and the head, and hence the rate of flow, varied. 

Still another method was to mount the pillar bearing the scale of hours 
so that it could be turned, Instead of a single scale, a -•cries, of scales nr a 
graph wqs inscribed on the pillar, By turning the pillar, the pointer could 
he made to indicate longer or shorter hours ns desired. 

Vitruvius describes another water clock, though without stating 
whether Eiestbios or one of his successors built it. One improve mart in 
the medtarsbm was to connect the float wiilt the revolving shaft by a 
con! wound around a drum and tuuttierwrighted,, instead oi by a rack 
and pinion. 

In thk 4J amphcrrie H clock, the main shaft turned a bronze dtsk oti 
which was engraved a chart of the heavens. The ecliptic—the sun's ap¬ 
parent path among the stars—was represented by a circle, off-center from 
the disk, with 365 small holes in it. Each day a link metal sun was 
moved from one hole to the next. Hours were represented by a grid of 
bronze wires mounted in front of the disk. Tbe owner told time by seeing 
where the metal sun *iond with rein lion to the wires representing the 
hours. In bit -XIX, ii fragment of Mich an anaphoric dock (of about 
+ 11) wm found in eastern France, and another piece was fumed up near 
Salzburg. 

This device, by [he way, show* why “clockwise" h the direction it b. 
If you face the sun at noon in the northern hemisphere, you face south. 
If you face south, the sun appears to rise on your Idt and set on your 
right Hence the inventor of the anapbork clock when he set up hb 
little model sm to imitate the real onc T naturally hud it rise on the left 
and set on the right, too. The anaphoric clock evolved info the astrolabe, 
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a portable medieval instrument that could be used as a watch, compass, 
nod astronomical calculating device. 

A later colleague of Ktesihkss, Andronlkos of Ksrrha, built an elabo¬ 
rate timekeeping structure at Athens This is the HornSoeiurm or Tower 
of the Winds, which still stands a few blocks north of the Akropolis. It 
is a ^rnall dghr-skfed building with ,\ sculpture on each side representing 
one of the winds. Original \y a gnomon projected from each side, with a 
sst of markings beneath it for idling time. There was a water clock in- 
sitk^ and on top stood a weanhemne in the form of a bronze intern. 

Shortly after Ktesibbs, Philon of Byzantium flourished. He may haw 
been Kresibios* pupil. At least, he visited Alexandria and Rhodes und 
knew the leading engineers in both driev A sentence in one of his writ¬ 
ings has been taken to imply thus he akm knew Kie&ibios. 

phllon wrote several works, but of these wc have only two books, 
and pans of two others, of his treatise Mechanic* Syrutmt, or I he Lie- 



m- 7. Tin; Sabfaurg fragment .if the dial oi cm anaphoric dock like tl 
described hy Vitruvius [fnuti Dieki* 
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metm of Mechanics* These fragments id! us about prmumuttc devices, 
catapults, military preparations, and siegecraft- 

Philott tie^rthe> several catapult designs of bis own, all fairly con¬ 
ventions) except that one has a pair of wedges built into the structure. 
Bv means of ihesc wedges, the skeins, which were liable to go stock, 
could be lightened by > few blows of a mallet without taking the whole 
contraption jpart. 

Phdcn abo describes Kresibios* mctfll-spiing and compressed-air cata¬ 
pults and tells aboul the nspid-tire repealing catapult which Oinnysios of 
Alexandria built at Rhodes, in this fast, the darts were contained in a 
hopper over the gioove in ihe sink and fell into it one by one, as in □ 
nineteenUi-century Catling gom The string was pulled back and released 
over and over by turning the windlass at. ihe after end. This windlass 
was connected with the cocking mechanism by a pair of linked chains, 
one on each side u! the trough, passing over two pairs of pentagonal 
nuts. Although mechanically impractical, thav is ihe first known attempt 
at a chuin-anfl^prockd drive, tike that of a bicyek. 

Philon. like oLher Hellenistic engineer*, loved to invent marvelous 
Tncchimicnl toys, ;md hjs Pneumatic* describes some of these devices. 
For one thing. Philon w-as fascinated by siphons, By means of siphons 
he made pitchers, basing and other vessels automatically empty and 
refill themselves. Bronze figures of men and animals drink, pour wine, 
and perform other acts* Trick pitchers pour wine, water, or a mis lure of 
the two. 

Several chapters describe mechanical wash basins, worked by a system 
of counterweights* string* and pulleys, In the most elaborate, a bronze 
hand holds out a piece of pumice stone—the Greek equivalent of sqap- 
for the user, When ihe fatter takes the stone, the bronze hand disappear*, 
and enough water flows out the spoul into the basin lo wash ihe man's 
hands. Then ihe i 3 ow of water ceases and the hand comes am with 
another stone In another design, a copper animal, such as a horse, 
stands in ihe basin with its head down. When the man has finished 
washing, the animal drinks the basin dry* 

Other devices include cups fjtm which the wine poured into them 
ilKMcnly run* out into a false bottom, to She astonishment of I he drinker; 

** cottsinru-levd oil lamp, a waterproof lantern; an inkwell hung in jam- 
bak so that it stays upright at all times. 

Many of these citccmimng machines were meant neither to do useful 
work nor 10 advance scientific knowledge, but merely 10 enable the rich 
Alexandrines who bought them to amaze and amuse their guests by dis¬ 
plays of parlor magic, Ktcribios began this fad with his elaborate time- 
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sound in ie devices, and most of the great Heron's machine* had a no 
more practical aim. 

However light-minded these machines now seem, it docs not follow 
that they were really useless. On the contrary, some of the important 
machines nf later times probably evolved from them. It is ironic that war 
on the one hand and frivolous ostentation on the other have given ii.se 
to many ot the most vital devices and Techniques of our civilized life. 

Phi Ion also describes 3 jnncnious invention with great practical pos¬ 
sibilities; the water wheel. In some of his designs, the wheel merely forms 
part of one of his magical displays of fwiitcring birds. One little overshot 
wheel powers a copper holy wheel, like that mentioned by Aristotle- 
Stralon Only, instead of the worshiper's moving the wheel, the flow- of 
water turns the wheel, f he worshiper grabs the wheel and stops it, while 
holy water squirts out of a hole in ihe rule. 

In addition, Philon shows it practical application of the idea: a chain 
of buckets driven by an undershot water wheel with a series of spoon- 
shaped >pokes arranged in a circle around the hub. In introducing this 



FI*. «. The bucket-chair water hoist powered by an umlmhet water wheel 
doer, bed by Phdon ot Byzantium t*/,„ Otira d< Yam). 
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watcr-hofstfn^ a pruritus. Philon remarks that the wheel "can be applied 
(O many other Uses." And. in ilesnibing on,- of his toy whistling water 
wheels, he says it shall have. around its rim, "openings like the openings 
of water wheels without paddles.”'' This implies thnl water wheels with 
paddles were known The two passages suggest that Phi Ion knew the 
norui—the undershot water wheel combined with a dranHshaped water- 
raising wheel, later described in detail hy Vimivius. And we know that, 
soon after Phi Ion’s time, the water wheel was applied to the grinding of 
grata 

If ihese water-wheel designs really go back to Philon, which fe not 
certain, tlwn this water hoist is the first recorded case of putting the 
energy of naming water to practical use. It was nun's second step (the 
$at) was fab first) in the ait of gening useful work directly from the 
forces of nature, instead of from the muscles of men and animals. It was 
a step of vast importance, because it showed how power could be con¬ 
centrated. 

Previously, unr could increase the power used on a task only by in¬ 
creasing the number of men or animals. whose- muscles furnished this 
power. But men and animals tire bulky, ft is hard to apply the power of 
large numbers of them at once in a small space, and the difficulty of 
getting them to pull in unison increases with the numbers employed. 
Moreover, they all require care and feeding. 

When men learned to use the power u/ water and wand, ii became 
possible to concentrate much more power in less space than had been 
the ease before and tluis easily to perform tasks that had been difficult 
or impossible, The art of getting useful work from the forces nf nature 
has evolved steadily from Phi Ion’s time through the invention of the 
windmill, the steam engine, the turbine, and so on to the nuclear power 
plants of our own day. 

The skill of Philon and his colleagues, the “mechanical wizards" of 
Alexandria, became famous in ihc Hellenistic world Hence, just as the 
people of that lime exaggerated the powers of poisons, they exaggerated 
those of mechanic a! automatons. 

For instance, it was rumored that Nahis, rhe communist dictator of 
Sparta (about -200). kept a robot, which looked exactly like bis wife 
Ape-ga and was covered with spikes hidden under iis clothes. When a 
nch Spartan refused to give Nahis the money he demanded. Nab is would 
present (he mac to ibe robot, which seized the victim in a spiky embrace 
and hugged lijm until he either gave in to Nahis" demand* cr expired, 
ttespite the story 's absurdity, as sober a historian as Polybios believed it. 
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Another belief was that one could, by placing magnets in the ceiling 
of a building, cause an iron statue bo flout in mid-air. Plrnius says: 

Tne architect Timocharc^ had begun to use h'destcwie for convtmcdrc the 
vaulting in the Temple of Arsim'e at .Alexandria, so that the iron uatu* con- 
timed in il might have the appearance o! being suspended: in mid-air; but the 
project was interrupted by his own death and that „f King Piotenureus wlio 
liad Lirdcred the work to be done in honor of fak lister.^ 

Later writers asserted that such floating statues actually existed in 
various temples. Whether the writers were merely improving on PI ini us, 
or whether some such statoe did “Roat" by means of a tine wire, we 
cannot now telL The Muslim t radii ion of Muhammad’s coffin, floating 
poised betwixt heaven and earth, probably stemmed from this same 
Hellenistic source. 

The one thing we can be sure of is that, for mechanical reasons. nt> 
such statue could be so poised by magnets of the kind the ancients had. 
The story belongs with a group of legends about the mysterious powers 
of magnetism, along with the tale of lhe Magnetic Mountain. The Litter 
started with the Egyptian geographer Claudius Plfdemaeus i t-U). Ptol- 
ernaeus stated that in the Far East, near the Isle of Satyrs, lay an island 
mountain of lode stone, which destroyed all ships passing near it by 
drawing out die nails that field them together. The si ary was repeated 
many limes: in the medieval legends of Virgil the Magician, in the tale 
of Duke Ernst of Swabia, and in the geography or the Moor Idrisi. 

The yarn may have been invented to explain ihc fact that so many 
ships and boats in the Indian Ocean are built without nails, by sewing 
planks together or fastening them with wooden pegs. The real reason 
for such shipbuilding methods is simply that the vessels are built in coun¬ 
tries so poor in mineral wealth that the shipwrights cannot ailorj to use 
iron. 

The great cm Hellenistic engineer and erne of the greatest intellects of 
all time was Phi Ion’s contemporary, Archimedes of Syracuse (—287 to 
-2121 Archimedes studied in Alexandria, where he came to know sev¬ 
eral of the leading scientists of that teeming hive, such as Aristarchus the 
astronomer. 

Eventually Archimedes returned to Syracuse, where he spent the rest 
of his life. Although he was not rich, the fact that he was a kinsman and 
fricnil of ihc tyrannns Htcirn ]I assured him leisure in which to thmk 
and experiment. A mathematician and engineer, he is the one man of 
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classical times who in sheer brain power stands on the same level as 
Aristotle. 

In die field of mathematics. Archimedes discovered ihe ratio ‘4 the 
surface of a right circular cylinder to that of a sphere inscribed in it. He 
proposed a new system of numerals to handle targe numbers. He cal¬ 
culated the ratio of the circumference to the diameter of a circle (t) to 
bo between :H anti 3 -", the most accurate calculation up m that lime. 
He also established the laws for finding the centers of gravity of plane 
figures and made many other mathematical discoveries. In addition, he 
did some work in astronomy. 

Archimedes’ discoveries in engineering were equally momentous, al¬ 
though Plutarch would have us believe that the Syracusan looked upon 
such practical applications of his knowledge with gentlemanly disdain. 
According to Plutarch, Archimedes: 

* ■ • possessed so high n spirit, so profound a soul, nrid such treasures of 
scientific tnowledfie. that though these inventions had now- obtained him the 
renown or more than human sagacity, he yer would not deign to leave behind 
him any commentary or writing on such subjects; but, repudiating as sordid 
and ignoble the whole trade of engineering, and every sort of art that lends 
itself li> mere use and profit, he placed his whole affection and a nth rl inn in 
those purer speculations where ihere can be no reference to the vulgar needs 
of life; studies, the superiority of which to all other! is unquestioned, and in 
which the only doubt can he » hi. (her the beauty and grandeur of the subjects 
exfnntr!-;iil 1 and of the precision anil cogency of the methods and means of 
proof, mi.m deserve otir admiration.*® 

Tit is is typical Platonic snobbery. Many ancient writers, such .is Cic¬ 
ero, eapieM, ihe idea that the essence of a true gentleman is his refusal to 
have anything to do with things of practical utility. 

Did Archimedes share this attitude? We cannot telL His works on 
hydrostatics and on "sphere milking” certainly touched cut engineering, 
Plutarch to the contrary notwithstanding. And even if Archimedes paid 
tip service to ihe Plutonic ideal of gentlemanly uselessness, it is hard to 
believe that he could have been so good at engineering and have done 
so much nf it if he hud not really liked it. 

In engineering. Archimedes founded the science of hydrostatics and 
discovered “Archimedes* law," that 4 body partly or wholly immersed in 
a fluid li>f.cs weight equal to lI k weight of the fluid displaced. Weighing 
a king’s crown led to this discovery and to the first measurement of 
specific gravity: 
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Hiero flhc tyrannos Hieroti IJf was greally wJled In the rrgiit power at 
Syracuse, .im] after hh victories he dcirmincd to set sip in a cerium temple a 
Crown vowed to the immortal g<xk He Jet out ihe exectitian gs fur n% the 
crmfiswn** wage* were concerned, and weighed the fold oul to the con¬ 
tractor to m exact Amount At the appointed time ihc man presented lhe 
wotk finely wrought to* the king's acc^pi.ince, and appeared to have fur¬ 
nished the weight of ihe crown to *cafc, However, Information was laid that 
gold had been Withdrawn, mid that the same amount of silver had been added 
La the makiag of the crown. J-Uero w^as itidii:nant that he had been made light 
of, and fullinc to find a method b> which he might detect the iJiefU asked 
Archimedes to undertake the investigation, While Archimedes wa consider¬ 
ing ihc maitcr, he happened id go 10 The baths When he went down lqid ihc 
haihanp pcx^J he observed ihrir [he a mourn of water which itowed outside the 
pool was equal to the amount Off his body that was immersed, Since this fact 
indict led rhe method of explaining (he ea^c. he did rmt Imj^r, hurt moved uith 
delight he leapt oul 0# the pooh and gome home naked, cried aloud that he 
had found exactly whai he was seeking. Fur ns he ran he tbCHUed in Greeks 
*ffeureka, heurikaf ” 11 

Then, following his dtscerwers-, he is said in have Ukcn two masses of the 
same weight as the crown, one of gold nnd the other of silver. When he had 
done thrs, he filled u large vessel lo the brim with water, into which he 
dropped the tnasa of silver. Thu immrnl of this when let down into the verier 
corresponded to lhe overflow of water. So he removed the metal and filled in 
by measure the amount b> which ihc water was dimifilshttL so that it was. 
level with the brim as before. In this way he discovered what weight of silver 
corresponded m a given- measure of water. 

After this experiment he then dropped a mass of geld in like manner into 
the fsrll vessel and removed it. Again he added water hy measure and dis- 
covened shat I here was not so much water, end this corresponded to ihc 
lessened quantity of the same weight of gold compared wiih the mm e weight 
of silver. He then let down she crown itself into ihe v*vc after filling the vtise 
wilh waicr* and found ihsit more water Rowed into the space left h> ihe crown 
than into the space left by a mass of gold ol Ibc same weight. And m from Ihe 
fact tkit there was more water in the case of the crown than m ihc rrmss of 
gold* be calculated and detected the mixture ol lhe silver with the gold, and 
the fraud of the contractor* 2 

Archimedes abo worked out the law of the Icier, proved it miishe- 
Rustically, anti developed The theory of mechanical advantage. In idling 
his cousin Micron of ihb discovery, he boasted: IJ Give mt a place \o 
stand on ant] with a kvet I w ill move the w hole wnridr™ 

1 he tyrimnos challenged him to prove hk assertion. Archimedes did 
so by singk-hamfcdLy launching one of the largest ships in the world. He 
turned a windlass connected to the ship by cj scries uf compound pulleys: 
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pcrh;ip^ he even invented the compound pulley block with two or marc 
pulleys in it. 


The ship bunched by Aidumedcs was hut one of several ships of 
unprecedented size, which the Hellenistic kings built in -III. A1 this 
time ihei? took place in the eastern Mediterranean a naval nee like the 
nee in battleships of the hrsi half of ■ XX, before the developments of 
the Hitlerian war rendered the battleship obsolete. 

This race began when Deroefrios Pciiorketes, the Successor who had 
besieged Rhodes and who had already constructed an elevener before 
that campaign, directed his Phoenician shipwrights to build a ihtrlcener, 
a fifteener, and a sixteener. The other Successors followed hasty suit, 
because one of these monsters outmatched several smaller ships. When 
Dcmetrios was overthrown (-285 ), the first two Ptolemies, then jointly 
ruling Egypt, got the fiftcetter, while Lystmachos, the Successor who 
ruled Thrace and western Asia Minot, got the sixteener. When Demctrios' 
descendants regained the throne of Macedonia, they obtained the six- 
teener and kept it down to the end of the kingdom (—168), Then the 
victorious Homans took it <o Rome ns a trophy. 

Meanwhile, in Egypt, Ptolemnios II Phfliidelphos built a twemier and 
a pair of rhirtters. These held the record until his grandson. Ptolemtiios 
IV Philopator, who reigned from -221 to -205. built a fottfcr. This 
was the largest war galley of all time. 

Philopaior. an odious chancier in most respects, had a passion for 
spectacular ships. He huilt a 300-fool pleasure barge; a Hat-bottomed 
floating palace 45 feel wide. Next he built the fotrier, 420 feet long and 
57 feel wide. The ship had a tfouhle how, a double stem, and seven 
rams Four thousand men rowed it. tltosc of the upper bank pulling 
57-fool oars counterweigh ted with lead. It never fought, but its sheer 
umvieldincss inspired another capinJ invention, the dry dock: 

At the herein nine | the fwticrl was launched frwn n kind of cradle which, 
they say. was put together from the timbers of fifty live-hank ships, and it was 
pulJeiJ into the water by a crowd, to the uccnmpunimerit of shouts and Ixitm- 
pels Later, however, a Phoenician conceived the method ol launching by 
diluting a trench under the ship near the harbor, equal in length to the ship. 
He constructed for this trench foundations of solid stone seven and a half 
feet in depth, and from one end oi these foundations to the other he fixed in a 
row skids, which mil Iransveriety to the stones serosa the width of the 
trench, having a space below [hem tux feet deep. And having a sluice from 
the sea, he lei the sea inro all ihe excavated space, filling u full; into this space 
he easily brought Ihe icmI, with ihc help of unskilled men; . , . when they 
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Had tarred I he entrance which had been opened at the beginning, I hey -tif.il n 
pumped oul the sra-waler wiih engines And when ihi» tail been done, the 
ship rcited iecmeJy on the skids Bfnt!tiv(t(tiaiKil. M 

Wc can he sure that this pioneer dry dock did not hnve lock sates of 
the modem type but was dosed and opened by the laborious method ot 
dumping earth into hs entrance and discing the earth out again. 

The water was probably pumped out of the dry dock by means of 
the Archimedean screw, which Archimedes is said to have invented dur¬ 
ing his stay in Egypt- This pump, still commonly used for irrigation in 
Egypt, is a cylinder divided inside by a helical Or screw-shaped partition 
running its whole length. The screw is mounted slantwise so that its 
lower end dips into the water to be pumped When the cylinder is 
turned, water is trapped in each turn of the helix, raised to the upper 
end, and spilled out. 

In Syracuse, meanwhile, the tyrannns Micron undertook a program of 
shipbuilding with more practical ends In view. Jn HicmnV day, while 
Sicily was slid independent, it derived its prosperity from the export of 
wheat, So Hie run built a floe! of wheat transports. 

These ships were v> successful that Micron determined to build a ship 
that should combine the virtues of all types in one hull. It should be a 
Combination of war galley, royal yacht, and freighter 

Under Archimedes' supervision, a Corinthian architect named Archias 
built the great Syrakosia. “Lady of Syracuse ” This was a twentkr with 
three masls-perhaps the first three-masted ship in the world. The hull 
was sheathed in lead to discourage murine growths Armament included 
turrets for archers and a catapult throwing three-talent halls. There were 
stalk for horses, a tank for fish, a hold for wheat and other cargo, a set 
of luxurious cabins for the dictator and his friends, and everything else 
ihat the fertile minds of the builders could think of, 

Afur Archimedes had smgjichan&dly launched the Sytakosia by 
means of his windlass and pulleys, faults of the design transpired. For 
one thing, she was too big for most of the harbors, of Sicily Jr k also a 
good guess that Micron found ihat a ship designed to act us a warship, 
yacht, and merchantman all at the same time would trot be very gotxj &t 
any of these tusks, ft would be too slow for a warship, too costly for a 
merchantman, and too crowded for a yacht. In the end, Hiemn sent 
tin: Synikvm as a gift to Pinfcmabs PhUopator, who liked to collect 
such nautical freaks, 

M.inv typewriter rihhon. have been worn thin in orcuractit over the 
arrangement of the oar. on these gigantic galleys, which were not ex- 
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ceeded in size by any other ships until +XV11I. Mo surviving ancient 
writings describe the arrangement; no ancient worts Of art or din era ms 
show this arrangement; and no ancient ships have come dow n in such a 
shape as <0 settle the question. 

Consider Philopalor s fortier, Forty banks of oars, one above the 
other, is ridiculous. Such a *htp would be as high as it was long, and the 
oars of the upper banks would be quite unmanageable. 

But forty men on one our would be quite as impractical. As each 
rower needs at least a yard of oar for himself and his elbows, the length 
of the loom grasped by 1 he rowers would be at least 120 feel, which 
means an oar with 0 total length of over 500 feet! And the upper oars of 
Philopa tor's forticr were only 57 feet long. 

Some space could be saved by the medieval method of placing half 
the rowers on one oar facing forward and the other half facing aft. In 
the case of Phijopator s battleship, space is still needed for twenty rowers 
on each side of the oar or at least sixty feet. The ship would have to be 
more than twice this width to allow for oars on both sides and an aisle 
down 1 he middle. In other words, the ship would need a beam of some¬ 
thing like 130 feet. 

Actually, the greatest heam that any ancEctJl ship is known to have 
had was found on one of two enormous barges, which the Roman em¬ 
perors kept nn Lake Nemi. The larger ship was 240 feci long and 7S in 
beam: tire other only slightly smaller. 

For many centuries, these barges luy on the bottom of I he lake, resist¬ 
ing all efforts to raise them About 1446. the versatile Renaissance archi¬ 
tect Leon Battista Alberti, sent diver? down to explore the wrecks and 
tried without success to haul them up. 

In 1535. another attempt was made by Francesco De Marc hi, who 
examined ihc ships in person by means of a primitive diving suit, This 
device, invented by Guillaume of Lorraine, was a wooden bell rein¬ 
forced bv me la 1 hoops, suspended from a boar on the surface and cover¬ 
ing the upper half of the diver. 

The intrepid De Marchi had a difficult time. He suffered from a nose¬ 
bleed. caused hy the change of pressure, and got entangled in his harness. 
He could see practically nothing through the small window of the bell 
because the water was so murky. Most maddening of all, a host of little 
fishes drawn by the remains of the lunch of bread and cheese that De 
Marchi had brought down with him. swarmed around and nibbled his 
exposed flesh in spire of his efforts to shoo them away. 

Tbc attempts of Alberti, De March/, and several later explorers to 
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raise the ifhFps merely damaged ibcm further. Many parrs and ether 
relics were brought up—timber ( which the peasants promptly stole for 
firewood}. miib. brLijize orruimcnts and statues, and pieces of tiling and 
mosaic—most of which disappeared into private collections* Not until 
the present century were the entire ships recovered. 

Between 1927 and 1932* Italian archeologists. using an ancient Ro¬ 
man drainage tunnel, drained Like Neirii. The project suffered many 
delays and misadventures; a gale sank the barge ^ith the pumps, and 
once the work was stopped for seven months whale the lake tilted up 
A gain But at length the ships were exposed to the light of day. By special 
four-track railroads laid iii the tnud of the Like bed, the archeologists 
hauled the two hulk out cm shore and built a beautiful museum around 
them. 

These ships are something of a mystery* No surviving ancient writer 
mentions them, and they were not rediscovered until 1444. For it long 
time the most popular theory m s that the mad emperor Caligula built 
them as pleasure barges on which to stage orgies. 

When the ships were recovered, the archeologists marveled at the 
graceful form that (he hulls possessed despite their broad beam, and at 
the care and skill with which they had been built. The pine of the hulls 
was protected hy vermilion palm* tarred wool, and a triple layer of 
leaden sheathing. The ships were steered by 37-foot quarter rudder* or 
staring oars, two on the smaller ship and four on the larger. S he two 
extra rudders of the larger ship are thought to have been mourned at 
the bow, to steer the ship when the rowers were backing It Each ship 
had two auxiliary keels on each side of the main keel, and raosi metal 
parts were gilded. Parts of bronze and iron had resisted corrosion amaz¬ 
ingly wdh as a con&cqucace of the purity of the metal. 

Although the hulls were sound, the supersiructum had eolfopsed. 
This collapse was the result partly of the greai weight of marble, 
bronze, and other ornaments] -nubsiattces that Shcy bore* and partly o( 
earlier attempts to raise the ships. 

When the lake was drained, many interesting objects, which had 
formed parts of these ships, were recovered. These findings did not, 
however, settle the question of bow the ships were propelled In large 
ancient galley* the oars were pivoted, not in the ship's side, but in a 
projecting frame nr outrigger eulkd the opoitis. extending out over ihc 
water und giving the rowers nearest lo the ship's side enough mechanical 
advantage to make their strength effective. 

The larger of the r*o Menu ship had an aposfi?, along each side, so 
iluu it may have had at least one bank of oars* By measuring the space 
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available inside the hull one expert concluded that ihere were four or 
five men to each oar Another, however, thought that the oars had but 
one man apk*ce and that the rowers sat out on the apostil The smaller 
ship had no apostes and was probably towed about the lake. 

The most extraordinary find was a pair of turntable reviving on 
small wheels arranged in a circle. Under one platform the wheels took 
the fora of eight bronze balls, each having a pair of tmiuiions, which 
fitted into journals in the turntable. Under the other, the wheels com¬ 
prised eight tapered or contad wooden rollers similarly journaled. The 
purpose of these turntables m not known, but they may hawe been statue 
bases. 

These wheels are nor quite true bait and toilet bearings. True ball 
and roller bearings roll freely in a circular groove called a race, without 
any trunnions or journal bearings. Still, nothing more like this is known 
until +XVI, when Francesco Martini and Leonardo da Vtoci suggested 
similar anti-friction bearings and millwrights and dockmnkers put them 
to use. 

Another technical triumph of the Ncmi ships was a bucket-chain 
hoist, designed as a bilge pump. At the top, this pump hud a horizonlal 
shaft on which was mounted a drum, over which the chain of buckets 
passed. At each end of this shaft was n wooden flywheel with a crank 
handle. At least, such a flywheel was found, although not all scholars 
agree that it formed pan of the pump. 

T 'v meaning of this design h that this h the first know; example of a 
crank mechanism, outside of hand mills or querns. Cranks were used 
more and more from +1 on. The Emperor Julian^ physician Greibasios 
(+IV) mentioned cranks in 1 m account of machine* for resetting dis¬ 
located limbs It h also a good guess that in Roman and medieval limes, 
cranks were employed in racks and other torture macfunes-n grim field 
tn which to study the evolution of machinery [-because they were useful 
tn applying carefully graded degrees of force. A sketch in the Utrecht 
Psalter (about +850) shows a man sharpening a sword on a grindstone, 
which another man turns by means of a crank. So by +IX the crank had 
evidently became a common device. 

There was abo an elaborate hydraulic installation, with a force pump, 
lend piping, and a finely made bronze valve. Two anchors were found. 
One of the common classical type was made of oak, with iron-tipped 
flukes and a stuck (the crosspiece that keeps the flukes vertical so that 
one shall dig in) of lead A wooden anchor must obviously be weighted 
somehow to make it sink. The other anchor was of iron with a wooden 
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sheathing, and with a movable stock of a type not seen again until 
-fXVIU. when il was reinvented in the Netherlands. 

From inscriptions, the archeologists established that the ships were 
probably built in the period +35 to +55. Thirteen tiles from the super¬ 
structure of one ship bore the stamp of Duma, a slave of Domitius 
Afer. This Afcr was a noted orator, who served as consul under Caligula 
and died in +59; so the ship must have been built before -*-59. 

Furthermore, an inscription on a lead pipe from the wrecks reads: 

C. CAESAR1S AVG, GERMANIC 

meaning: "Property of Gaius Caesar Augustus Germanium.*' Now. this 
was the full and real name of Caligula, who reigned from +37 to 441. 
But other indications point to the reign of Caligula's successor Grmditis 
(-*■41 to +54). Perhaps the ships were begun in the short principal*! of 
the crazy Caligula but completed, or at least modified, under the pious 
Claudius. 

Moreover, it is fairly certain that the ships were not pleasure craft 
hut floating temples. They may have been erected to the ancestors of the 
Julio-GSindian families, or to the Egyptian mother-goddess t sis, or to 
some other divinity. All these hypotheses have their partisans. 

The exact time and occasion of the ships' sinking arc unknown. It 
seems, however, as though after the reign of Claudius—perhaps in the 
reign of Nero; perhaps during the civil war that followed Nero; perhaps 
not until the following century -the ships were stripped of valuables and 
abandoned With no crews to pump the water out of the bilges, they 
slowly settled by leakage until they went under. 

The remains of these marvelous ships, alas, were destroyed in the 
spring of 1944 The Germans, ha vim: previously shown their regard for 
Kuitur by burning the 5s 0,000 books and manuscript of the Royal 
Society of Naples, set fire to the Nemi museum and its ships. Juki for the 
hell of it. in ihe course of their retreat from Italy Since then the museum 
has been restored, and today one can we models of the ships, one-fifth 
the ^ize of (be originals, together with those relics of the sbip.^ not de¬ 
stroyed by the fire 

Even with the saucer-like Nemi ships, it would not be possible to 
crowd more than about twenty rowers—hall facing forward and half aft- 
on each oar. Actually, in the Middle Ages, ten men were found to be 
the most that could efficiently be pul on one oar. Therefore it is not 
likely that the .indents ever used more save experimentally. 

The actual arrangement in large classical galleys—cighten, or tenners 
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and up—was probably that of a super die re or tricrc, with the oars in two 
or three banks and a varying number of rowers on each oar. Hence 
Dcmctrios Pollorkctes* ekvener. for instance, may have had oars in two 
banks, with sis men on each upper oaf and five on each lower, so that 
the number ‘'eleven’* still means die number of files of rowers on each 
side. Pbdadslphos' thirtiers probably had their oars in three banks, with 
ten rowers per oar. 

As for PhifofHttors fortier. it probably had four hanks of (cn-man 
oars. These would have given the same Trouble lit the matter of keeping 
the oars in step as had Dtcmysios’ original tetrere with four banks of 
one-man oars. Certainly. Philo pater's ship was no great success. Plu¬ 
tarch says it “was for show, and not for service, scarcely differing from a 
fixed edifice ashore, and was not to be moved w ithout extreme toil and 
peril.'*” As nothing is heard of the sluggish monster after Phi top j tor's 
time, the chances are that his successors soon scrapped it. 

Shipbuilding was only one of Archimedes’ technical interests. He also 
built an astronomical instrument for demonstrating the movements of 
the heavenly bodies. Mis book on “sphere making,"*® now lost, de¬ 
scribed (his orrery. This was a “planetarium in the original sense of the 
word, used before the Zeiss optical plane lari uni was invented to bring 
the wonders of the heavens to the masses at die cost of cricks in dicir 
necks. The older device is also called .in "orrery" after tin; Fourth Earl 
of Orrery fr. 1700) who had one made for himself. 

As nearly as we can tell from allusions to Archimedes’ orrery, it was 
a machine in which, by turning n wheel, pointers, boils, or disks repre¬ 
senting the sun. the moon, and the planets were made to revolve around 
a bronze bull representing the earth. The idea stemmed from the simple, 
non-mechanical bronze celestial globes of the earlier scientists Thales of 
Miletos and Eudoxos of KnJdos, on which the fixed Man and the con¬ 
stellations were marked. 

Later, the philosopher Posddcmics and the engineer Heron of Alex¬ 
andria built similar orreries, though even fewer details are known about 
these devices. Students long thought that Archimedes' dockwoik uni¬ 
verse was cither a myth or a premature invention [hat (lied without issue. 
Now, however, ibere is reason to suspect that it not only existed but al$o 
gave rise to a lime line of progeny that comes right down to modem 
chicks As nearly .ill trace of these early devices has perished, wc are 
like a paleontologist who is trying to reconstruct the evolution of a 
whole family of dinosaurs from a few daws and teeth, widely scattered 
through geological time and space. 
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After Archimedes, the next fossil of this branch of engineering h the 
AtUikytbcra machine. Jn 1900, a crew of Greek sponge divers discovered 
a mass of statues and other antiquities lying in 200 feet of uatcr off the 
Aegean island of Antikythera. where .1 ship of domical nmc* hud foua- 
tiered. Captain Rondos. with rrrnie public spirit than many such dis¬ 
coverers, repotted his find 10 the Greek government and was engaged 
to bring up ihe relics, This he accomplished with great risk and effort. 

Part of die haul consisted of several lumps of bronze* badly corroded 
and partly covered with limestone Although at first sighs she find seemed 
to be nothing but a bucketful of junk, a Greek archeologist recognised 
it as the remains of a mechanism. 

Little by little during The following decades the thing was cleaned. In 
195$ Derek Price, a young British historian of science, persuaded the 
Greek NntfomiJ Archeological Museum to let him study the remains. 

The Antikyrbera machine turned out to foe an astronomical computer. 
!ti its original form it was a wooden box a little over a fool high, looking 
something like a taege eighteenth-century table dock. 

In front, a hinged bronze plate, covered with inscriptions telling how 
to use the device, served as a door Behind this door was another plate 
with n large circular hole through which the gearing behind could be 
seen. Around this hole was a dial with a slip ring on its rim. 

Two graduated scales ran around thb cildc, one on the bronze plate 
and ihe other on the movable slip ring. The outer scale listed the signs 
of the zodiac: the inner one, the months of the year. The purpose of the 
slip ring was to adjust the device when fas happened under the Egyp¬ 
tian calendar, which Jacked leap years) ihe months got out of phase 
with the seasons. Moreover* examination of the setting of the slip ring* 
log-: [her with other evidence, shows that ihe device must have been built 
just about the year —32. when Julius Caesar was a youth of eighteen* 

The hack of the machine had another bronze door and behind that a 
bronze plate with two dials, one above the other and eud) provided 
with several slip fines. Between the front and back dials was a matt of 
clockwork made of bronze Cogwheels with simple triangular teeth 

A large four-spoked wheel was driven by a crown gear and a shaft* 
which projected through the skle of the box and was doubtless furnished 
with a key or bflitdwhecL This main wheel In turn drove twenty or more 
smaller gear wheels some in complex planetary' mountings. These gear 
wheels turned pointers on the dials to indicate the phases of ihe moon 
and the position* of the planets on different dales. A couple of minor 
breakages had been mended, showing that the device actually worked. 

I7ie ship bearing this astronomical computer, perhaps from Rhodes 
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to Rome, sank about —65. Nothing mote is heard aboui such devices for 
over a thousand years. Yet [hey must have been built* for about +1000 
«I-Biitiiri n an Iranian savant who traveled in India, described a similar 
mftdunc. As in die Antifcyihcra machine. al-Biruni s computer hid 60* 
triangular lceLh n and his gear wheels were mutinied on axfe& with squire 
shanks. 

Much nonsense hits been uttered about the lost secrets of .indent sages* 
There never was any prehistoric civilization having all the modem scien¬ 
tific knowledge and engineering techniques, as some cults would have us 
believe. 

On the other hand, these astronomical computers represent an ad- 
vaneed* sophisticated line of development, actively pursued by a whole 
school of engineers, of which all but a few truces have disappeared. Just 
as The course and very existence of an underground river may be known 
only front :t few places where wells ami mine shafts have broken into 
it* so these few trace* of dock wort show the- evolution of an advanced 
form of mechanical engineering from indent times cur down, even 
though few traces of the engineers remain. 

Hieron II, tyrannos of Syracuse, was for the most part a staunch ally 
of all-devouring Rome. But, after lie died in —215 r his successors went 
over l» the Carthaginian side in the Second punk War As a result* 
Syracuse found itself besieged by the Romans* wdh Appius Osiudius 
Fulcher hey ding the Roman army and Marcus Claudius Marccllus com¬ 
manding Ltic fleet. 

Micron hud, some time before* persuaded hh cousin Archimedes io 
serve as his general of ordnance and to prepare engine* for ihe defence 
of the city. A:* a icsuli, the Romans cyme up again*; the world’s 
advanced artillery Fulcher attacked the btui side wilh scaling bidder? 
and penthouses. Soon, however* his forces reeled hack fmm the storm of 
arrows, ding bullets, crossbow bolts* catapult darts, and catapult bails 
(hat tore through [heir ranks, 

Martel I us, attacking fmm the seaward side, had made careful prepare* 
lions He had built four engines, each based upon a pair of galleys t.iv- 
tened together. On each platform over a pair of ships he erected a mast 
and a hoist. By means of this hoist, a device called a d| hurp M or Mimhttca 
w as brought into use. This w as a large ladder or staircase w ith sides and 
a roof to shield (hose using h- Ai its upper end was a gangway, on 
which four soldier, protected b\ wicker shielding, fought oSI thOK who 
tried to slop the operation. The attackers maneuvered the sumbuca into 
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pliice so that the gangway lay amp the defended wall and the soldiers 
could swam into the defenses. 

At least, tin it was the theory. While the approaching Romans quailed 
under the storm of missiles, a series of 600 -pound leaden weights imd 
stone bill:, smashed the scaling engines Into kindling. 

Pf utarch says that these missiles were shot from catapults, but Potybios 
saw that the weights were dropped from die end* o! cranes that swung 
out over the wall as the engines neared is. Plutarch's sale h the more 
romantic, for such u catapult would be the biggest ever used in the an¬ 
cient world 

But Polybios* dryly sober Account is the more plausible. To judge from 
Poly bios 11 narrative. Archimedes used an enlarged version of an existing 
weapon called ihc “dolphin / 1 with which merchant *hip* were sometimes 
armed. 

Whereas the mast on a galley was a light spar, made to be taken 
down and left ashore before a battle, a merchantman had a stout,, per¬ 
manent mast. Some merchantmen, operating in pi rale-in tested waters, 
had a kind of strongly built boom or yard attached to this mast. At the 
end of this yard wa£ slung, by rope and pulleys, st heavy leaden weight. 
When a pirate bid alongside and its hairy, screeching horde prepared 
to board, the crew of the merchantman fwtmg the dolphin out over the 
pirate s deck and released the nope. Down went the missile* to smash 
ih rough the thin piratical deds as through papyrus. A later Creek writer 
(+VI) describes a similar device, mounted on a wheeled platform for 
use on land. 

Another Archimedean trick was to lower a grapnel from 0 crane, 
catch the bow of a small Roman ship, and hoist until the diip was verti¬ 
cal and the crew tumbled into the blue Mediterranean. Then ihe rope 
was Jet run, dropping the ship to wallow awash and unless. 

A story grew up in Inter centuries that Archimedes: 

. . demised an hexagnmij mirror, nod at an appropriate distance from it set 
%ni.dl qiiiiJf;itiiUljir mlrrorv l >1 the -Lime rypr, which could be adjusted by 
metal plate* and so rail hinge?, This contrivance he set to catch I he full rays of 
die a u rt at woon h both summer .iml winter, and eventually* by 1 he rellcainn of 
die sun s nflft In !hk, 1 fearsome flery heal w«■. kindled in fhe b^rge*. anJ 
from the distance of m am V*\ llighi he reduced them m ashe***’ 

It is a colorful picture, but not likely. As a practical matter, Archi¬ 
medes won Ed have needed a much bigger vet mirrors them he could 
probably have made- People who have experimented with stm-powered 
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steam engines have found that it take* 2W to 300 square feet of mirror 
to generate steam for a lilllc one-horse power engine Moreover. Archi¬ 
medes would have had to make the target ship hold still for some time 
for his burning glasses to take effect. 

It is. however, possible that Archimedes did perform experiments with 
such mirrors. He might even have set some old hulk on fire and let people 
whisper about his fearful secret weapon. But the exact truth, as in so 
many ancient mattery has vanished down the voradons cutlet of time. 

Despile Archimedes' wonderful war engines, Marcel I us captured 
Syracuse by a surprise attack on a weakly defended tower while the 
citizens were celebrating a religious festival, Maredlus, who was not 
without humanity and respect for Archimedes’ genius, ordered his sol¬ 
diers nut to molest (me Syracusans. It was impossible to forbid them to 
loot, for a general who tried to stop his soldiers from plundering a city 
captured after a hard-fought siege would have been instantly slain by 
his own men. 

During the Sooting, a legionary approached the sevenry-five-year-old 
Archimedes, who was drawing geometrical diagrams in the sand. Archi¬ 
medes. preoccupied with his mathematics, cried: "Keep off, your’ and 
the angry soldier killed him. At least, that is the commonest story. There 
are other*, and any or none may he true. Mareellus mourned Archi¬ 
medes but took the hitter’s orrery as booty to Rome, where it could still 
be seen a century later. 

Die death of Archimedes, practically speaking, ends ihc story of Hel¬ 
lenistic engineering. It is nut that Hellenistic engineering really stopped, 
nlhdr it produced no more such towering figures. Instead, it was ab¬ 
sorbed into the story of Roman engineering, just as the Hellenistic king¬ 
doms. one by one, were swallowed up by Rome. 


THE EARLY 
ROMAN 
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Roman engineering like that of the earlier watershed empires* 
waft based upon the intensive application of rather simple principles, 
with plenty of rsw materials, cheap labor, and lime, Rome posse^d 
abundant supplies of brick, stone, and timber. Labor wn* especially 
cheap during the Iasi century of the Republic and the fim of the 
Prinripaie, because the swift extension of the Empire had crowded Rome 
wilh thousands of slaves. 

The Romans devoted more of their energy and capital to useful public 
works than did their predecessors. They built roads, harbor works, 
aqueducts. temples, forums, town hulk* arenas, baths, and sewers. Al¬ 
though, like nil ancient peoples, the Romans had (title sympathy to spare 
for the underdog, they did like to see the masse* prosper and enjoy 
themedvc*. A magnate, governor, or emperor might he a scoundrel in 
other respects, but he believed that he gained honor by presenting the 
p«!*pic with serfrte useful or entertaining public work. Under the Republic 
this was a method of bidding for votes; and. even after elections had 
ceased fn the Principal (the technical name for the curly Empire) the 
tradition lived on. 

Therefore Frommus. Trajan** water commmiomT, is not being merely 
patriotic when, m describing Rome's aqueducts, he bursts out: 1,1 With 
such an array of indispensable mi uutures carrying s-o m&n\ waters, com- 
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pare* if you win* the idle Pyramids or the unless, though famous* ft odes 
of the Greeks!" 1 

Modem writers often point out that the Romans conmbured practi¬ 
cally nnlhhg to pure sciencer ^To the scientific habit of inind Which has 
made our present attempt at civilization possible and h nip idly making 
k impossible, no Roman ever contributed nay thing. p " StiLL although 
Rome produced almost no pure or research scientists* she brought forth 
many remarkable soldiers, statesmen* administrators* and jurists. 

Moreover, in the applied sciences, Romans were very active. Roman 
architects and engineers made far-reaching advances towards improving 
die machinery of everyday life and resliaptng the earth for man’s con¬ 
venience. In the story of civilization* these things have their own im¬ 
portance. 

Although the Romans inherited some of their engineering' ideas from 
the Etruscans. they adopted many more from the swarm of Greek* and 
orientals who came to Rome, voluntarily or as captives, in the fast cen¬ 
turies of the Republic. One of the newcomers* For instance, was Her- 
modoros of Salami* (“II) who built temples in Rome to Mars and to 
Jupiter the Stayer* 

Moreover, the Romans them selves actively developed new methods of 
building. This vigorous engineering activity continued from ihe early days 
of Roman expansion in -IV for nearly eight centuries, until the bar¬ 
barians overran the western half of the Empire. 

Roman engineering was mainly civil engineering: the building of 
roads, bridges* public buildings, and other permanent structures, A con- 
sub senator, or other magistrate commanded the whole of such a gov¬ 
ernmental enterprise. Under him Ehc iirchittam or engineer, in his turn, 
bossed a crew of tumor technicians: ugriiTtrnsares or surveyors* libnxtom 
or leveled, and others. In addition, private builders without special lech- 
nical training practiced, for private landowners* the craft in which they 
had been reared. 

The profession of archhectw became so popular by —I (hat even the 
emperor Tiberius' son Dmsu* dabbled in it. Vilnivius complained "ihat 
an art of such magnificence is professed by persons without training and 
experience, by those ftho are ignorant not only of architecture but even 
of coftstraciion * Bui then. Vitruvius wanted his ideal architect 10 
"be a man of Festers, a skillful draftsman, a mathemalieum. familkr with 
historical studies, a diligent student of philosophy, acquainted with mu¬ 
sk'* not ignorant of medicine, teamed In the responses of jurisconsults, 
familiar with astronomy and astrofiomkal calculations.*' 5 

Although Vitruvius gives sound reasons for having all these skills— 
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for intrlanet, a knowledge of music is useful in tuning catapult by Mrik- 
bg the tension skeins-ihe difficulty is the same as- in all professions in all 
ages. Vitruvius' requirements are a counsel of perfection, because nobody 
Int'i long enough to icam cvety thing that might be useful 10 him. 

The Etruscans, from whom the Roman engineers originally borrowed 
their technics* were the Romans' northern neighbors. Although the 
Etruscans were racially much like other Italian*. their language, only 
partly deciphered, was a non-Indo-European Tongue unrelated to any 
other known language. Nobody knows where they came from. The an¬ 
cients thought they had conic from Asia Minor, white some modem 
scholars believe that the Etruscans, like the Basques^ were a pocket of 
pre-Indo-European speakers who had dwelt there before the hor&e- 
drivsng Aryans conquered the nest of Europe. 

The Ermscans, for instance, may have invented the candle. While the 
taper, long known, was. a string dipped only once or twice in melted 
wa*. the candle was dipped many times to build up a thick sdid rod cF 
wul*. The candle, used at first as a religions accessory rather than as a 
means of profane illumination, spread around ihe Mediterranean in 
Hdicmstk times. It was known to Phi Ion of Byzantium in —UT In ad¬ 
dition. the Etruscans pioneered the making of denture*. 

I he larger Etruscan houses were buill on the Near Eastern central- 
court plan, with ft hole in ihe roof over the centra! court and a cistern 
below the hole to eftteh itie rain water. Etruscan temple* Mowed the 
Greek pattern, save that the Etruscans, even after they had substituted 
stone columns for wooden posts, continued to make their hinds and 
roof struct tires of wood. As wood h more efTident for long beams than 
stone, their temples had more widely spaced columns and broader eaves 
than those of Greece. Etruscan builders covered the wooden toof siruc- 
ture with on da borate coaling of terra cotta, or brick molded into orna¬ 
mental forms. 

The Eirusearn; differed from dl their neighbors in the fact that they 
used the arch. Wc cannot tell, though, whether they got if Through some 
unknown intermediary from Mesopotamia or invented it independently. 
They dkl invent a system of decorating a series of arches with a molding 
tiust ran from the base of one arch To the next I ihe impost) und then 
around the outer edge of each arch in a semicircle i the archivplt). 

The Etruscans also conceived the bloodthirsty Idea ol making slaves, 
prisoner, and criminals fight each other as gladiators. The Romans wok 
owe all these culture traits and. by their conquests, spread them around 
tlic Mediterranean world. Rome began its expansion from a mere city 
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state irx —V ami never stopped growing until Trajan completed his con¬ 
quest of Dacia (modem Romania) and Babylonia at the beginning of 
+IL 

The early Roman house w;n buill on the Etruscan plan. The dnmm 
of a prosperous earls Roman bourgeois 1 sail about a dozen rooms, 
ranged around a parti v roofed court. There was a square hole in the roof 
to let m the rain und a cistern beneath to caich ai. This court was called 
the atrium, from flifjr, J 'bl*ck," because the walls were blackened by [he 
smoke of cooking. Poor peasants, of course, cumin Lied to Live in one- 
room hats as they always had. 

When in Hellenistic times the Romans came tinder Greek influence, 
they added a second court on the Greek model. This court was called 
the pennylum or peristyle, from the Greek words meaning "surrounded 
by columns," 

The practice of planting a flower garden in the peristyle also came 
into the classical world at this time. Such formal gardens were a Persian 
custom, unknown to the Greeks! of the Golden Age. who cared Slide for 
the beauties of nature and who, If they planted anything, preferred 
somcEhine edible like onions nr cabbages. 

Bui the HuUenisik Alexandrines, living on a wretched and moiKito- 
noii$ wind spit* discovered the beauties of nature and wrote sentimental 
poems about shepherds piping in an imaginary Arcadia of groves and 
waterfalls, nymphs and satyrs. The real Arcadia is a rugged, barren, in¬ 
hospitable country, but few of die poets or their admirers hod been 
there, 1 

As wealth and sophistication increased in the last two centuries of the 
Roman Republic, oilier types of dwelling house evolved. The rich built 
I urge country houses , called vilhs. While these were of many kind*, in 
the early decades of the Prinripalt they evolved away from the tradi¬ 
tional Mediterranean type. 

The traditional house, which was dosed in upon Itself, now unfolded 
and opened outward, like a Gower. The peace of the cariy Principals 
made (I no longer necessary to build each house like a miniature fortress. 
A common type of villa consisted of n main building, in a solid block* 
with a pair of wings, one containing the bedrt^ms and the other the 
bathrooms. Instead of running a round a closed court, tbt: colonnade ex¬ 
tended in a straight line along the south side of the house. 

At I he same lirtie f [he Increase in population in Italian cities, and es¬ 
pecially m Rome itself, made builders eager lo find space for more tenants 
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in j given urea. An ancient city could not expand so cosily «is a modem 
one* because of the wall* tkM surrounded it 

The walls themselves did not present 3 serious obstacle, but mililary 
considennions did. [f the wuff was to sene as iw effective defense, a 
space had to be kept dear on both sides of it. On the inside, a space 
about 30 yards wide was kept open so Thai troops could move quickly 
along it, engines could be n:I up in it to shoot over the wall, and the foe 
could not easily ignite the nearest bouses by shooting incendiary missiles 
into the dty. 

The wall itself, to he effective, had to he nt least 30 feet high and 1 5 
feet thick. The walls of Martyropalis m Armenia, 20 feet high and 4 
thick, were considered useless against a determined attack, even without 
heavy siege machinery 1 , because 3 numerous enemy could overrun them 
with scaling ladders alone. 

The clear space outside the wall was about 200 yards wide. In war¬ 
time, ihis space was shaped into a series of obstacles 10 slow the ap¬ 
proach of the besiegers. First, a series of ditches was dug. Phi Ion of 
Byzantium recommends three, about 35 yards wide and as deep as the 
rtuiure of the soil allows. The earth from these ditches was pried up on 
the spaces between them Bur these areas were also rendered more diffi' 
cult by barricades of nee branches stuck into the ground, with the ends 
whittled to points so that they looked like antlers. This was the ancient 
equivalent of a barbed-wire entanglement. Belli hung from ctmls on a 
line of stakes gave warning uf the approach of the foe ai night, 

A form of tank trap was made by burying a lot of large empty jugs, 
ihek mouths stopped by moss, just under the surface of the soil, infantry 
etui Id walk over the jugs without effect, but, when heavy wheeled engines 
tried to ax** the same ground, the jugs broke and the wheels sank in. 

Because of these defenses, once an ancient city bad taken form, no 
builder could add new houses around the edge of the existing built-up 
area. Once ihe t tea red strip inside the wall was reached, the builder had 
to go more than an eighth of a mllc T outside the defenses, to find another 
building lot Moreover, lack o! transportation checked any tendency to¬ 
wards suburban sprawl 

So Roman builders did what builders in Babylon and Tyre had done 
before 1 hem, and whin modem builders base done in places like New 
York £ Ely, where 5UJTO undine .waters present I he city from growing out- 
w&fifci in -ill directions. They went up. Buildings rose 10 at feast three 
Glories in —111 and five or more by —1_ Augustus sc! a limit of 70 feet 
on the height of buildings, and Trajan reduced this to 60 lor greater 
safety. 
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These big modem-looking brkk apartment houses, filling whole 
blocks, were railed insulae or “islands." Under the Principate, insulae 
became far commoner in Rome than private houses of the old damns 
type. A survey of Rome about +300 listed 1,797 donius and 46,602- 
twenty-rix times as many-insulae. 

Insulae furnished .iccommodatioiii of every =rrade, from dark little 
single rooms several flights up to luxurious duplex apartments on the 
more desired lower floors. Writers of the early Principate complain of 
jerry-built insulae, which are always either catching fire and frying their 
tenants or collapsing and burying them ’' However, the actual remains 
of insulae that have come down, as at Ostia, indicate well and solidly 
built structures. But then, perhaps that is why these particular buildings 
have survived; fill the flimsy ones fell down or were demolished in an¬ 
cient rimes. 

For that matter, a good Roman house was built in a sturdier and 
more substantial way than most of the houses you can buy today. Ro¬ 
man builders had not learned all the short cuts used by modem de¬ 
velopers. The houses they turned out were quite durable usid is 
lEindsomdy decorated as a modem house— although, lacking running 
water, electricity, oil heat, upholstered chairs, and substantial tables, 
they would seem to us a lot less comfortable to live in. 


Windows had Jong been closed by wooden shutters. In Hellenistic 
times, builders experimented with translucent wmdowpane materials: 
oiled cloth, sheepskin, mica, boro, and gypsum shaved down to a ihm 
pane. Some of these materials continued in use for many centuries; but, 
in the more opulent homes, they were slowly ousted hy glass, which at 
last had become dear enough for the purpose. 

The Phoenicians toot over the an of glass-mating from the Egy ptians 
and improved it greatly. They learned how to make glass clear enough 
for window-panes and also (—1) how to Wow glass. This new method 
lowered the cost of glass drinking vessels until nearly everybody could 
own them; vessels of clear glass for the rich and of opaque glass for the 
poor. 

In the early Principate these glass-making techniques were brought to 
Italy A curious Story is told about an incident laid to haw happened 
in the reign of Tiberius.* A man went to the Emperor with a scheme for 
making unbreakable, flexible glass and proved his claims by dropping 
a vessel on the floor without breakage. Thereupon the Emperor had the 
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man’s shop demolished (or, in another version* had the man beheaded J 
lesf his product somehow destroy the value of gold and silver. 

We know enough about glass today to be sure that the story as it 
stands is untrue. Em it may have a basis of truth, Forbes r k ink s that 
some enterprising manufacturer, by introducing improved Sy to-P hocni- 
dan methods of making glass vessels Into Italy, competed so severely 
with the makers of metaJ vessel* that the latter raised an outcry to the 
Emperor, who intervened on the side of the metilsrrmhs. 

This attitude was common among ancient rulers. From ancient to 
modern times, every important invention lias brought an outcry from 
those whose livelihood would be harmed by its adoption. Sovrans Slave 
often heeded such complaints. In the reign of Emperor Vespaihunn* for 
matance: 

An engineer offt-ied to haul some hu^e column* up to the ropin' 1 1 ut mod¬ 
erate expense by a simple mechanical contrive net, but Vespasian declined 
his wsrvkes "1 mml alwayv ensure/' hr said, lk lhat the working chfOT earn 
enough money to buy ihen&dvs food/’ Nevertheless he paid the engineer a 
very handsome tec J 

Queen Elizabeth [ of England fell the same way about a proposed 
knitting machine. While it Lv unless: to blame those whose business was 
threatened for Irving to save themselves such opposition I mm vested 
interests has greatly slowed technical progress. Ancient ruler* did pot un¬ 
derstand shat real income is the consumer goods one can buy with what 
one cams, that die goods cannot be consumed unless they are produced, 
and that therefore whatever increases production increases real wealth. 
If the vested Interests had always won out, we should still be living as 
people did in ancient Surucria, 

During the later years of the Roman Republic, glass began to be used 
to let light into bouses. The first panes were I kite round skylights, the 
glass of which was too irregular and impure for true transparency. But 
during H gla® window panes of ihc modem i>pe appeared. By the end 
t>f that century. gLsi factories had become common in Italy and were 
spreading into GauL 

Even the greenhouse was known. The agricultural writer Columella 
«-!-|) advised raising cucumbers in wheeled boxes covered by spetulares 
-transparent panes, whether of gypsum, mica, or gb^and suggested 
that these boxes be tolled out of doors on sunny winter day a. 

Door locks aJ$o appioaehcd the modem type, Tlserc were several 
kiruhi. In the typical Roman lock, the bolt had a number of boles in it 
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When the bolt was in the locked position, several pirn in the lock dropped 
down in it> these hoEt^ from above, much as ific pins do in a modem 
cylinder lt>ck T and held the bolt in place. 

The ke> had a set of prongs. ;;[ right angles to its shank (like the bris¬ 
tles of a toothbrush) and corresponding to the holes in the boll. W hen 
the key was ihmst into the keyhole, these prongs were inserted eh to the 
bolt from below, pushing the pins up out of the way. Then a sidewise pull 
on the key drew back the bolt The holes and pins were differently ar¬ 
ranged in different Locks, and a duplicate key was called an "adulterous* 
key-a name for which 1 can think of at least two explanations. Locks 
of this Roman type are still used in Arabia. 

The Romans also took great strides in house heating. They- invented 
central indirect healing: or rather, they reinvented it. In 1 c >54, at 
Beyee&Lilian* Turkey, a British expedition dug up ihe palace of the king 
of Arzawa x a kingdom that flourished in southwestern Anatolia before 
—1200. Here, dwti beneath the floors suggest a central heating plant. 
Then nothing more is heard of this invention for over a thousand yc^- 

TMs disappearance is not realty surprising. For, in the ancient world, 
an invention could be lost and rediscovered several times. The numbers 
of engineers and inventors were extremely small compared to tho^e of 
today. Inventors often tried to keep their inventions secret; in the ab¬ 
sence of patent prelection, there was no other way to stop rivals front 
copying the invention and reaping where the Inventor had sown. Inevi¬ 
tably, some inventors look their secrets to the grave. And. what with the 
lack of encouragement of inventors, the lack of mass production to muU 
tiply specimens of inventions, and the lack of printing to disseminate 
descriptions of them* knowledge of an invention was tikdy io be very 
restricted. 

Because of the small scale on which invention wns carried on, ancient 
inventions led a more precarious life than do most modem ones. Some 
catastrophe, such as the sack of a city, could easily destroy the only 
specimens of an invention, along with the only men who knew how to 
make it; and there were no patent files to which a later seeker could 
refer. 

This does not mean thin we should, like the occultists, believe that 
die ancient* had scientific and engineering knowledge beyond our own. 
They did not. But it did wmetimes happen that a useful invention was 
musk, lost* and rediscovered centuries Inter. 

In the cose of central heating, the rediscoverer was a Roman business¬ 
man, Gains Sergius Grata, who lived near N*pta* About —£0. Orata f 
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already successful at raising fish and oysters for the market, thought he 
could Jo even better il he could only keep his edible sea-creatures grow¬ 
ing through ihc winter, Pnbaps he was inspired by the sweat balks of 
BaLic, heated by volcanic steam. 

At any rate, Sergius Grata built a series of tank* w hich, instead of 
being sunken in the earth, were propped up on little bride posts. The 
smoke and hot air from a fire at one side of a tank circulated through 
the space below the tank to warm it 

Not yet satisfied. Grata applied bis invention to human comfort. A* I 
have tdd you. country houses in his lime were evoking into a form 
with a central hall and a pair of wings* one of which was devoted 10 
bathing chambers. Grata bought country houses, equipped them with 
habile prnslh 3 or “ratified bathrooms/' heated by means of ducts under 
the floor, and resold them at a lusty profit- As a result. OriliJ became 
famous for his ingenuity, his business acuteness, his refined and luxurious 
taste, and the jovial life he kd, 

Some aristocrats sneered at Grata as one of the new-rich, Pliny ac¬ 
cused him of avarice, but this was the standard resentment that members 
of the landowning Roman gentry felt towards self-made men who had 
gained their wealth in vulgar trade, 

Lucius Lidnius Crassus (not the triumvir, bur an older member of 
the family) once represented Grata in a lawsuit* which indicated that 
Grata was engaged in a bit of sharp practice in buying and selling 
houses. Grata also occupied public waters with his fish and oyster ponds 
at Lake Lucrinus* just off the Ray of Naples, until a suit was brought 
to make him stop. This rime Crass us remarked that die lawyer for the 
defense pi was mistaken in saying that keeping Grata away from Lake 
Lucrinus would deprive him df oysters; for* if be was prevented from 
catching them there, he would find them on the roofs of his bouses,* 1 * 
During the century and a half following Drain's invention, builders 
learned to apply the Oratiio system, called a hypocamium (from the 
Greek words for "binder 11 and “burning' 1 ), to whole buildings. Under the 
Principally Romans who wem to live in the northern provinces of the 
Empire built hyphen use houses to hold the winter weather at bay. But 
central hearing died out with the fall of the West Roman Empire and 
was not revived until modern timcs- 

Undcr the Principute. Roman houses became more and more like those 
of today, fhe atrium disappeared, then the columns vanished from 
around l he peristyle . Finally ihe peristyle itself dwindled and disappeared* 
as the bouse in one solid block was found to be easier to heat and 
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made more efficient use of ground space than the old Mediterranean 
Courtyard house. 

For construction. the Romans used wood, stone, clay, mud brick, 
baked brick, and mortar. The wood and mud brick havT disappeared, 
as is natural In a country with wet. winters. For stone. the Romans first 
made use of tufa, a soft fall or brown volcanic rock. Then they began 
to use the harder tapis gabitius and hi pis albjmm fnow p called sperone 
and peperfno respectively) formed by the action of water on a mixture 
of vulcanic ash, grave!, and sand 

Later still, during the Principal they exploited tapis 
cm "travertine , 11 named for the town of Tsbur or Tivoli. This ts a hard, 
handsome limestone; bui T unlike the volcanic rocks mentioned, it is not 
fire-resistant. Under heat it crumble* into powder. 

Baked brick, though long knowii, likewise did not come into general 
use until the Ente Republic. According to Vitruvius (—1>. mud brick 
had been made illegal for house walls in the city of Rome. 

Earlier builders often used baked clay in thin slabs called ttles. Roman 
bricks came in many shapes and sizes; bur the Romans preferred king, 
wide bricks only an inch and a half thick. They had learned that such 
shapes were less likely to warp or crack in drying than thicker forms. 

They also used lime monar from the earliest times. But, for ptihfcic 
buildings, I hey preferred to trim the it stones as accurately as possible 
and depend upon a dose fit and iron cramps to hold the structure to¬ 
gether. 

About —JIT, Roman builders made an important discovery. Near 
Vesuvius ami elsewhere in Italy were deposits of a sandy volcanic ash 
which, when added to lime mortar, made a cement that dried out to 
rock]ike hardness and even hardened under water. They called this stuff 
pulvtx puiealatm from Puteoli , 1 where It occurred in huge beds. By 
mixing this cement with sand and gravel they made concrete. 

Builders bad experimented with mortars and plasters for many cen¬ 
turies: witness the concrete bed of Sennacherib's aqueduct. But here for 
ihe first time was a completely satisfactory waterproof concrete, which 
formed a synthetic rock as hard as most natural rock* In fact, sample* 
of Roman concrete that have come down to modem times in buildings, 
conduits, and the like are harder than many natural rocks would be 
after sc many centuries of exposure. 

The Roman builders did not at first fully realise the possibilities of 
their new material They used it in a small, tentative, nervous way. After 
ktll, bow did they know if would not sotm crumble like common plaster? 
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But, a* the length and dunibility rrf the new subManct became plain* 
builders used it more and more fredy, until d became the typical building 
material for large structures under th^ Frittcipatc, 

While we do not think of ihc Rommrs as mat innovatory their build¬ 
ers deserve credit Tor one thing. Having stone, brick* and ecmcreic 10 
work with, they doggedly tried om almost every possible comb Its at ion 
of these materials. 

In the early days, the Romans built stone wails In the form called 
cptus iiuuiiutiuin -‘Squared wort." This was simple ashlar masonry with 
all the Manes trimmed to a rectangular form of the same sia:. As a rule, 
ikh all the stones had their long axe* panUlci To strengthen the wall m 
some courses the alternate blocks, called “headers," had their long axes 
at nghT angles to the face of ihe walk so that they extended into ihe in¬ 
terior of lhe wall, or dear through il_ and helped to bond the whole 
together. The Greeks and their predecessors had used a similar system. 

Another system was opu* inccrtum or ' random wait." The stones 
were still trimmed to a rectangular shape, but were of dilTercn: sikts, so 
ihiit there was no continuous course of Manes. Such a wall was more 
trouble to put together but stronger when finished. 

Builders used similar systems in erecting walls of brick—first of mud 
brick. later of baked brick. But then came the discovery of concrete. At 
Tint concrete w as used os little more than a superior mortar. As in prop¬ 
erties became known, however, builders used more aud more cf it and 
less md less of ibe sumcwuik or brickwurk that it wit* supposed to he 
holding together. 

Soon, walls wure made wiih thin facings erf Sterne or brick and a thick 
filling of concrete spaced out with gravel, stones and bits of broken 
brick and tile. As the builders did not have powered cement mixers, they 
could not prepare their concrete in the enurrmius quantities we do. 

Instead* they laid a layer of it either between wooden forms or be¬ 
tween facings of Mane or brick already assembled. Then they pressed 
the filling material down into iL Then I hey laid another layer erf con¬ 
crete; and so on. 

Eft ihc late Republic and early Principals wall* became esseralially 
Itmssc^ of concrete, in whose surfaces -stones or brick* hnd been inserted. 
The^-r bits of stone or brick added nothing to the strength of die wjill, 
m* the concrete was stronger than the facing materials to begin with- 
Often they could not possibly have added to it* beauty either, because 
the walk facing material and ah, was then covered by n layer uf stucco 
or by marble slabs. 

You might ask. Why, if the Romans had such good concrete, did they 
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not simply build structures erf pure concrete, as we often do, without these 
useless and not very beautiful Encjjqgs? We do not know , but perhaps 
this v/us an effect of Roman conscrvutism. A customer who ordered a 
wall expected to see a surface of solid stone or brick and would have 
felt uncomfortable without It, regardless of the wail's interior. So the 
builders obttged. 

In the era of concrete walls, the old terms for wall construction took 
on new meanings. Opus testaeeum meant a concrete wait in which had 
been inserted wedge-shaped pieces of brick, with their apices inward 
and their buses exposed to view. These wedges were so dosely packed 
that, to the eye of the beholder, the wall appeared to he of solid brick. 

Opus incertain acquired u new meaning, namely: a wall in which ir¬ 
regular pieces of -.tone had been inserted into the face of the concrete 
and then, when the concrete hardened, had been chiseled down Hush 
with the concrete surface. 1 ® 

Opus reikulatum or “netlike work” was a more refined version of 
this system. Little square pyramids of stone were inserted in the tnO, 
point first, so that the bases presented a lozenge ot diamond pattern of 
square stones set closely in the concrete. This form of construction, 
though rather costly aud nut so firm as the others, and though often 
hidden by a coal of ssucco, attained a great vogue through —I and + 1 
ami then died out. 

Cheap working-class houses, the upper floors of domfls. and the parti¬ 
tion walls of the top storks of insulae were mode of opus cnaikum or 
"basket work ," Fhe wall was a mere trellis of lath or cane, covered with 
mortar or plaster. Though neither fireproof nor waterproof, such a wall 
was light and cheap. 

In the late Empire, builders used mixed constructions, courses of 
brick alternating with those of stone. Thun, after the fall Of the Western 
Empire, builders were driven to re-use bricks from old fallen buildings, 
or whatever they could get. 

Although Italy has good marble, rile Romans of the Republic were 
slow to take up its use. even after they had become familiar with Greek 
budding methods. When l.idnius Crassus in the —90s adorned his house 
on the Palatine with iix 1 2-foot columns of Attic marble, his contem¬ 
poraries scoffed at him as the “Pulatine Venus," 11 

Later in thru same century, marble became popular for public build¬ 
ings, although the Romans preferred to use it in thin slabs for facing, 
purely for decoration, instead of for main structural elements. Hence 
laic in his reign Augustus boasted: "I found Rome a city of mud bricks; 
I leave her clothed in marble/’ 1 * 
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The Rom am not onjy developed new materials of construction and 
new combinations of old maieriab- they ulso evolved new architectural 
forms r Some, like the arch and the vault, they took over from the 
Etruscans and improved: some were original with them. And shey com¬ 
bined these elements in nil cndlm variety of ways, giving large buildings 
a spaciousness and adaptability to their funding far beyond anything 
the world had seen, 

fn the a refined's never-ending tight against gravity, the arch was 
found to be useful in many ways. Fur instance, when concrete con¬ 
struction came in, arches could be cahi in concrete. However, to erect 
an arch uf any kind, the builder mum mH up a scaffold, tailed 
whose upper surface corresponds to the inner surface of the arch. This 
centering holds up ihe wedge-shaped siones or bricks of the arch (the 
VQUs$@ir£\ Until all are in place. Then the centering can be taken away, 
arid the arch wdl hold itself up With j.n arch of concrete, a very Mis¬ 
sive centering was needed to hold up the weight of all that wri cement. 

So the Romans put up a light centering and erected over that an arch 
of thin bricks. These bricks, which could support themselves once [hey 
were all in place, in turn served as centering for the concrete, thus mak¬ 
ing construction easier. To lighten the superincumbent mass of con¬ 
crete r builders inserted empty jan or blocks of porous pumice stone 
imo the work at poind where no great stress was to be resisted. 

Another development w:is the straight arch as a substitute for lintels 
of wood or * rone over doors and windows. A straight arch *s made of 
tapering voussoits jusi as a curved arch is. but they are arranged in a 
single horizontal line over the opening 

However, the straight arch has much less strength than a semicircular 
arch. So. to protect straight arches. Roman builder* developed another 
trick: the relieving arch This was an arc of bricks (usually less than a 
full semicircle ) imbedded in the wall over the area t<> be protected. It 
Took some of the bud of the overlying wall and distributed it to the 
sides of the opening, where the eonimuous w alj uould withstand it. 

Pie original arches were merely round tops to opening in Walls, sat¬ 
ing the place of Holds. But ii was teamed that arches could be used as 
independent units T supported on piers or columns, Diocletian's palace 
at Spalatum 1 ' 1 has arches mounted on columns, and this, system 

became common in medieval architecture. 

If an arch is prolonged along its central ;ixk it becomes a vault. The 
Etruscans used vaulis but only, it seeing for such mmlcst structures as 
culverts, drains, and gates. The Romans uicd tile ^snicitcular vault. 
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commonly called the “barrel vault/' TO roof over their huge public 
bufl^fings, 

in call ter rimes, the uncluttered width of a chamber was limited by 
the length of timbers that could be obtained to hold up the roof. In a 
country like Mesopotamia, where the only native timbers were palm 
trunks* a room could not be much most than fifteen or twenty feet wide 
unless columns or pern were set up between the walk, a* «t the Hypo- 
style Hall of Rameses U and the audience halls at Pctscpolis* to carry 
the load. With vaulting* however, unobstructed fraUs 80 or 90 feet wide 
became possible. 

Furthermore, van lied halls did not have to be single uMtiicv I metrical 
structures, fit the Romans learned that one vault could cross another 
at right angle* and the two vault* would still stand up. The inner sur¬ 
faces of these vaults intersected along elliptical lines called groins. Such 
a structure is called a groined vault or cross vault. Such a cross vault 
could roof a large square area umJ be supported wholly by piers or 
columns at the comets. 

Another method of roofing such an area was by means of the cloister 
vault, which may be described as a square dome. The Etruscans had. 
like the Mycenaean Greeks, built tombs in the form of corbelled domes; 
but the Romans began to buitef both the true dome and the cbisicr vault 
about —L 

Like the arch, the true dome is made of stones or bricks tapered 
downwards so that, once the last one is in place. I he whole structure 
supports itself. In fact a dome need not be completed all the way up. 
It stands as liimly if a circular hole is left in the top- 

Large domes, however, brought up another problem A circular dome 
must be supported all the way round. If you put a dome on tap of a 
square hall, some of the rim of ihc dome will rest on nothing but air* 
cither inside or outside she square. Hence you must dlhcr make your 
hall circular or make its waits cnormoudy thick, so thru the lower edge 
of the dome shall not stray off its support. 

Roman architects solved this problem in bte -+!. When the emperor 
Domitian rebuilt a palace on ihc Fatal me Hill I now ruined the builders 
pmed square chambers to domes by mean?, of pendvrtihm. A pendentive 
h n triangular piece of masonry, leaning inwards from the upper cor¬ 
ners of ihe chamber, to form a transition between the square ground 
plan and the circular base of the dome* Although a pcndcntlve may 
be u fiat triangle, the best design make* it. Ike the dome. a section of a 
sphere. The use of peudentives in support huge domes became a major 
feature of Byzantine architecture. 
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Al! these ambers. domes, and vaults posed an additional problem. An 
arch does not simply press straight down upon the columns, piers, or 
sections of wait on which it rest*. It also presses outwards: just as when 
a man stands spraddledegged, his. feet push outwards along the ground 
as well as down into it. 

Vaults and domes product similar outward stresses. Hence, if such a 
structure is erected over a chamber wtotee walls are only thick enough 
to support the straight vertical load it receives from the roof, the out¬ 
ward thrust of the arch, vault, or dome will push the wails outwards. 
And down will come the whole structure. 

One cure for this state of affairs is to mate the ivaJIs thicker But no 
builder wants to use fiti more material in his structure iIllh is really 
needed. 

So die Romans of the Prindpate (+[I) learned that a wall cotiLd he 
greatly strengthened against overthrow, without much adding to it* tola! 
bulk, by vertical thickenings at intervals, either inside or outside. The 
principle is the same as that of stiffening cardboard or sheet iron by 
corrugating il lhercfore s tare Rorxtan vaulted and domed buildings had 
walls with numerous niches or recesses. The thick parts between the 
recesses are called buttresses La ter. in Byzantine and medieval times, 
buttressing was devc loped to an extraordinary degree. 

Roman builders used wooden scaffolding much like thitt employed by 
Indian builders today. To economize on scaffolding, builders put up 
wulb with recesses so receive the ends of timbers, or with projecting 
corbels to which scaffolding could be made fast. When the building was 
fijubitetl these projections could be curved into ornamental shapes oc 
trimmed down flush with I he wail face.. If you look closely at the picture 
of she Pom tin Card (Plate XIII) you will see a number of such pro¬ 
ject ion*. 

In thrir methods of construction, the Romans Far outdistanced the 
builders of the and cm watershed empires. The Romans developed meth¬ 
ods of erecting huge, wcUH~™*mtcted buildings in a fraction of the time 
and with far less experts than in former centuries. For the iirsi time in 
history, we begin to see an appreebijon of the advantages of efficiency. 

In building ihcir cities, the Romans did much what the Greeks hod 
done before them In a new dt> built from the ground up. like Thama- 
gudi 31 in North Africa, the town was well planned and bid out on a 
gridiron scheme An old city, notably Rome itself, which had started off 
as a jumble of huts in a Tangle of alleys, kept on growing without any 
organization despite the efforts of reforming sovran* to straighten k 
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out- Making a virtue erf necessity t some people in classical and medieval 
times insisted Ihai narrow, crooked alleys were a good thing, because 
they kept “unhealthy winds 1 ' fro pi sweeping through the city. 

Most of the streets of Old Rome were not over sixteen feet wide— 
gloomy alleys flanked by the towering cliffs of invoiae. As no ancient 
city had zoning laws, buildings of all kiiKis^mansiom, hovefe* insulae* 
taverns, temples, workshops, and warehouses-were al! jumbled together. 

Street traffic was so dense that Jufhis Caesar ordered wheeled vehicles 
{with certain exceptions j to move in the city streets at night only. This 
law. renewed from time to rime white the Western Empire Lasted. thinned 
the daytime crush of traffic. But light sleepers were kept awake all night 
by the nimble of cartwheels, the shouts of the carters, and the screech of 
ungteased axles. 

In building large edifices, the Romans excelled rn secular rather than 
religious buildings. Their temples were essentially Hellenistic post-and- 
lintel structures in ihe cm file Corinihian mode. differing III tic except In 
size from those of the Attahds and the Ptolemies. 

The most spectacular of these that still survive are a group of huge 
temples, which the emperors of i-U and ^-Ol put up in Syria. For the 
site, they chose an ancient Syn>PhoenidHii religious center They called 
the place Hdiopofhv the City nf the Sun. hut it has now regained it* old 
Semitic name of B.r&lhakk. The Hermans tolerantly identified the local 
ba'alim with their own Jupiter. Bucchu*, and Venus* so that every nwm. 
could worship freely. 

For the main temple, that of lupitcr, the Romans quarried columns 
from the granite of Aswan in dhtani Egypt. A Rinnan Itmovatinn was 
to make temple columns of one solid piece, instead of a stack of ^tonc 
drums. In the case of B^albakk, the whole fifty-four columns* 65 feet 
long and 7 A feet thick, were rafted down the Kile* shipped across the 
southcasi comer of the capricious Mediterranean, and hauled thirty-odd 
miles over the mountainous Lebanese hinterland to Heliopolis. Perhaps 
the Romans used Ow^iphrnns method of codostaa the columns in 
wooden cradles and rolling them on their sides. 

Under Rome, theater architecture took great strides as 1 result of She 
government's policy of giving the people of the city of Rome bread ,md 
circuses,™ The bread was a dole of grain to poor citizen*, at first «- ID 
bdow toil .md later, at the Instance of the dens a cogue P Clodiits 
Pukher r—58j, free. This dole of food enabled the Romms to live 
while working only 206 days it year and to *peml the remaining 159 
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days at shows and festivals. The circuses were periodic public emertain- 
foents on a scale theretofore unimapined. 

The rulers of the old watershed empires had never thought it their 
duty to amuse their subjects. The obligation, if any. wees the other way 
round. But the Ptolemies and the Seleucids, with their huge parades 
featuring polar hears and other oddities, tried to reconcile their subjects 
to their rule ami to divert any thoughts of revolt by staging show-, for 
them. Roman politicians of the Republic and later the emperors them¬ 
selves carried this policy to the poim of lunacy. Ninety-three days of the 
year were given over to spectacles. 

Plays were given in semicircular theaters of die Greek iypc. Originally 
these were of wood, but wooden theaters had a deadly habit of collaps¬ 
ing. Although permanent theaters of stone had long been forbidden as a 
decadent Greek idea. Gmicus Pom pci us Magnus, "Pompcy the Great.'* 
built one in —55 in imitation of one he had «cn ir the Aegean. 

Plays, however, appealed only to a limited upper-ebss audience. The 
masses preferred racing and ‘'games. 11 Chariot races were staged in race 
courses f “circuses" in the literal sense} a quarter of a mile or more tong, 
with a long island, the spina, down the middle. In the late Principal*: 
there were four or five circuses in Rome, the biggest brine the 700-yard- 
long Circus Maximus. This structure, begun by Julius Caesar and com¬ 
pleted by Trajan, seated over a quarter of a million! spectators, 

The favorite mass entertainment, however, was the “games.” Becom¬ 
ing popular in —II, these comprised lights between gladiators; the killing 
of animals; fights between animals; and the killing of people hv animals 
and by other ingenious tortures. For instance, a play in which the hero 
was burned alive at the end would be produced with a victim really 
burned alive. The victims were condemned malefactors, prisoners of 
war, and sometimes, in the case of gladiatorial combats, volunteers. 

The scale and cost of these games was fantastic. Pom pci us Magnus 
opened his theater with a show that included the killing of 500 linns 
and most of IR elephants. When Titus opened the Colosseum in -80. 
5.000 beasts were killed in one day; 11.000 were slain in & series of 
games given by Trajan in +107. In the last centuries of the Empire, 
when the Western emperors were at their wits* ends for tax money to 
hire enough soldiers to keep uul the barbarians, they continued to lavish 
ibrir wealth on the games. 

To furnish victims for such spectacles, the Moroccan variety of the 
African elephant was exterminated and the white rhinoceros, once com¬ 
mon throughout the Sudan, was reduced to a few survivors. Nearly nil 
Romans enjoyed this “good, red-blooded sport.” Even the timid and 
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scholarly emperor Claudius was an avid gLidiittoriu] fan- He often ar¬ 
rived before dawn and skipped his lunch in order no* lo mris ^ drop of 
gore, though he would have run like a rabbit from a blade bared against 
biiTL 

Not satisfied with duels, battles* anti massacres, the enipcTons dug 
artificial lakes in which naval battles engaging thousands of men were 
staged. Tills was considered a convenieni way to gel rid of prisoners of 
war. For. to the Ramans as to the Japanese of the Second World War, a 
prisoner had no rights, He could have fought to the death, couldn't he? 

The Romans’ 1 excuse for gladiatorial ism was that an imperial jxople 
had to be inured to the sight of bloodshed to reach them courage and 
contempt for death and to toughen them for the task of keeping the 
lesser breeds in order. The very odes who advanced these reasons ob¬ 
jected to Creek athletic meets because of iheir nudity. But this Roman 
theory did not work. When m +11 and +111 sadistic mobs were bowling 
for more and more blood, the Italian people were booming completely 
demilitarized* until m soldiers they were worth no more than so many 
sheep. 

The Christian emperors stopped gladiatorial ism but not public mas¬ 
sacre. Beginning with Constantine fearly +IV) they had magicians, 
heretics, nnd other infidels publicly tortured, crucified, and fed to the 
liom with all the gusto that ;hc pagans had previously exercised on the 
Christians. Pope Leo I, f hhe Great,* (+VJ wlw dissuaded AitiSu the Hue 
from sacking Rome hut had less success with Gaiseric the Vandal, per¬ 
secuted Manic hues ns md other heroics and heartily approved of death 
for unbelievers. Nowadays people are m> longer slain for religious heresy, 
but in many pans of the world they are lulled for economic deviiiiionism. 
So far have we come. 

However, our concern here is not with I he fights nod wrongs uf gladi¬ 
atorial i±m but with the structures to which it gave rise. After several 
experiments, the amphitheaLer or bowl was found to be ihe most practi¬ 
cal building for such shows. There had to be a high barrier around the 
arena to keep the victims* human and animal, from climbing up among 
the spectators to give them a first-hand taste of the blood for which they 
screeched. 

After the main permanent pirrphitlieaicr was destroyed by ttre in -^64, 
Vespasian begun and Titus finished a might} new amphitheater Origi¬ 
nally called the Flavian Amphitheater* it came in the Middle Ages to be 
called lhe Colosseum. This great bowl, of which the greater part '**11 
stands despite Renaissance quarrying, was about 600 feet long and 175 
feet high. The arena could be flooded for small naumaehiae or sea bat- 
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Iks, The Colosseum remaint-d ihc Larged structure of rts kind until the 
Yak Bowl was completed in 1914. 

Under ihc Ifite Principal^ ihe Co3c?sseum h one other amphitheater, 
and two reservoirs for n sumach be were all in use. Most of ihe other 
dtie$ of the Empire ftbo had amphiiheaters, though the Greeks bitterly 
resisted the imToduction of gladiaiomlism Into their country. 

A piea&auicr side of Roman building h *een in their public baths, 
Biidihous^s in the form ul small private l ! smh]i 5 hmunf s were old in the 
Mediterranean world. By -1 there were several hundred of these in 
Rome alone, As she ancient* did not often have running writer in their 
houses and therefore did but little washing at home such establishments 
were more necessary to them than to us. 

The Hclkrctetk kings began io build large public bathhouses to which 
people were admitted for a nominal fee. Ptdybios described the jovial, 
brilliant, and eccentric Amiochra ]V. king ol Syria f-JI) f bathing in 
the public baths with the people of Antioch. When he was being 
anointed. somebody remark all 

"'Lucky fellows, you kings, to be able to use such sweet -mel ting stuff!” 

Next day, Antiochns had a jar of the mniment unexpectedly poured 
over ihe man's head, A general roughhousc endued, with everybody, in¬ 
cluding the naked king, falling down where the oinimem had made ihc 
marble slippery and scrambling up again with roars of laughter. 

In — Tl. public baths were introduced into Rome, reaching full flower 
in +-I They combined the original purpose o| the private bathhouse— 
that of getting people clean-with some features of life Greek gymnasium. 
Around a central hall were ranged chambers for steam baths, hot baths, 
tepid baths, and cold baths, also exercise rooms, game courts, gardens, 
and even libraries. 

Seneca, who once took lodgings over a public bath, complained of 
the racket' the whack of ihc masseur s hand, the grums of the gymnast 
as he swung his dumbbells, the splashing of the swimmer, the roars o( 
the man *tio sang ns be bathed, the ydps of the mail who was having 
his armpits depilitated, and the cries of -filers of sausage, cukes, and 
other goodies. Under the Principals, men and women bathed together 
save when some blue nose like Trajan or Marcus Aurelius ruled against it. 

Hie first of the large, luxurious public baths in Rome was built by 
Augustus 1 mbusier Agrippa. Thereafter a long succession of emperors 
built bigger and bigger baths, each striving to outdo his predecessor. 
The mins or two of the largest, the so-called Baths of CuocaD* 1 * and of 
Diocletian, still dominate the city of Rome. The latter had a main Jiaff 
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200 by 80 fact in plan and 120 feet high, cross-vaulted at the top, 

A bom —310 an ambitious Roman politician. Appiu* Claudius Cm£- 
sus, was elected censor. Ac ihc mckTits did not have our sense of clear- 
cut departmental special u.ti ion, they were apt to «s*ign almost any duty 
to any magistrate* whether or not h was related to the duties he already 
had. Hence the censors of the Republic not only conducted the census 
but also guarded public morals, decided who should be Senators* and 
had charge of public lands and public worts. 

As cj publicum of ctanncraitc leaning*. Appiu. : Ciftadfas Crassu* dis¬ 
tinguished himself by lavish public works. AI least, they were considered 
Lavish in austere Republican Rome. He exercised hh power over mem¬ 
bership in the Senate in a way that his critics considered extremely arbi¬ 
trary* admitting to that body plebeians und even, to the horror of the 
landed aristocracy, the sons of freedmen. 

Crassus built die Aqiui Appia, the first of Rome's great web of aque¬ 
ducts. Then followed a splendid road southeast from Rome, First it ran 
for siity miles in a straight Hue to Amur, biter called Tanacina. on the 
const. Thence it followed the Tyrrhenian coast to Capua, northeast of 
Naples, The Via Appia, about 115 miles long, passed through ihe heart 
of the Latin country, which had been united to Rome for over two cen¬ 
turies, Crassus undertook to bulTd an all-weather road by paving his 
Apptan Way. But. like the Achaememd kings, he probably paved only 
the parts near cities, where traffic was thickest. The rest was paved much 
later, 

Avid of gfory as wefl as full of constructive engineering ideas, Crassus 
tricked the other censor inlo resigning hie post ahead of time and "by 
Various subterfuges, is reported to have extended ihe terra of hK censor¬ 
ship, until he should complete both the Way and the aqueduct/' 17 Thus 
be made sure that both public works should be named for himvdl alone. 
A monumentally stubborn and self-willed man* he used a legal quibble 
to argue that tile law setting the teem at a year and a half had been 
superseded. 

Despite f allin g eyesight. Crassus went on to a distinguished career as 
consul, praetor, senator, orator, writer, and poet In fact, be was just 
about thL- firnt red man of letters that Rome produced. 

About eighty years later another popular leader. Gains Flammtus, exe¬ 
cuted two more costly public works. One was the Fhmfflian Circus, 
Rome's firu permanent nice course. The other was the Via Flaminia, 
which extended from Rome across Judy to Aritnimum l modem Rimini) 
Crassus and Hum in i us probably paid far their w orks by the sale of public 
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lands. A few years after building his road. Flammim, commanding a 
Roman army as consul, fell in the disastrous battle against Hannibal, at 
Lake Trasimcntu (—207). 

Meanwhile the Appiun Way had been extended to Ta ren turn and 
Brindiiium in the hed of the Italian boot. Other roads were added and 
existing ones paved until Italy was covered with a fine all-weather net¬ 
work. 

When Oirtavianus ruled Italy as a triumvir, before he became the Em¬ 
peror Augustus, he ordered the architect Lucius Cocceius Auctus to cure 
the traffic bottlenecks around Naples, caused by the spurs of the Ap¬ 
ennines that hens run down to the sea. Auctus drove two tunnels, one at 
Cumae and the other between Naples and Puivoli, about 10 feet wide 
and varying in height from 9 to 70 feet. Seneca, who once used the 
latter, bitterly complained of the dust and darkness, although the tunnels 
much shortened the route. 

Excellent roads were also extended into the provinces, Trojan built a 
road in Arabia, from Aqabab to Bostra. which was not only paved but 
divided into two lanes by a row of raised stones. 

Among the conquered peoples of the Empire, the Gauls, being skilled 
in making carts and chariots, already had roads, of a sort. But these 
were mere tracks, maintained only to die extent of cutting down bushes 
and trees that grew up in them. Not being paved, ibe Gallic roads were 
worn deeper and deeper by traffic until they became sunken roads, like 
the legendary road that wus once supposed to have rained the charge 
of Napoleon's Guard at Waterloo. Some of these roads can still be traced 
by shallow ditches across the face of France. Roman roads, on the other 
hand, being paved and embanked, survive in the form of low ridges. 

Dne of the most important later Roman roods was that which, leaving 
the Italian network at Teigcste l modern Trieste > extended down the 
Dalmatian coast to Dyrriiflchuim'* and thence, as the Hgnattan Way. 
across the Macedonian mountains to Thcssabniea and tty&miium. In 
later times, when the Empire had two capitals, one at Rome and one at 
Constantinople, this road became the vital link over which the emperors 
of East and West marched, sometimes to support each other against the 
invading barbarians but more often to attack each other. 

To understand Reiman road construction, we must remember that 
Roman roads were intended primarily to unable the anuy to move 
swiftly, and that the Roman army consisted, until the late Empire, mainly 
of heavy infantry. So the road builders were more concerned with pro¬ 
viding a firm footing for marching soldiers than a voft surface lor the 
hooves of .immitK . Therefore the mure inijvnuni roads were hard- 
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Piute 4. The slep pyramid df King Juscr j( Sai^ra. Egypt. 



nPi^r u. The GicjI Pyramid of King Khufu at Giza. A—abandoned rock 
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(“King'sChamber")' D—GniidGdUcry; E—vtnltlfllkmshafts, F—granite plug. 







?ttoiu$rupha f nrftliftn fftt BtHuH Mtt.n-iw- 


ftenf. Assyrian sicgccrnfr Ai the right. King Ashurnasirpal (reigned 8$4 
Ui H&G) iIkhju arrow* .it .1 Sieged eiiy white his nmw-hearer holds up a 
shield iu protect him. To rhe left of the king, a bdfry attacks die wall with a ntm 
while archers shoot from the lop of the tower. The defenders have looped u 
chain around ihemm and strive lo pull it op to make ic useless, while the 
Awyriam try to pull n down again, farther left, a eulaway view shows engineers 
digging u tumid under the walls Still farther left, others 4 Muck I he wall wdh 
crowbars. 








Piiitr \\. Tiic UhUt Gate pfBabyJun* -as rcconstrueicii in the Vmdenisiatiacbes 
Museum m Berlin. 
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Plate vi, Tonion dim tKrowcr 
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Pfatr x, The Pharos of Alexandria* resTored 
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The Early Roman Engineer* 

paved, although most secondary and provincial roads were merely grav¬ 
eled. Alongside of the paved roads, rise practical Roman engineers often 
placed one or two un paved strips for those who preferred a softer 
surface. 

A< routes for tafantiy, again* Rormin roads were kept as straight a 5 
the con 1 oar of the food and the preseiice of existing; structures is!lowed. 
Romans preferred that a road should go over a bill rather than wind 
around otic* even tf this meant grades of as much as 20 per cent. Thus is 
perilously steep for vehicles, especially in the days before brakes when 
the only way to check the vehicle's descent was to hish one wheel so it 
could not turn. 

Depressions and volleys in the path of the road were filled or bridged, 
bn! the Romans did not like timings to reduce the grade in passing over 
a ridge They liked to place as much ul the road as they could on an 
embankment above the level of the sum>iinding lund. This kept the road 
dean of murk piorded it against blockage by snow in winter and made 
it hard for a foe to ambush the marching legions. 

Such a road system supported not only the marches of the legions but 
also a brisk civilian traffic afoot, mounted, and on wheels. Like the 
AdmeutenM and Hellenistic kings before them, the ruler; of Rome main¬ 
tained an official postal service. There were relay stations at intervals of 
ten or twelve miles and larger staiions, with Inns, smithies, and other 
facilities, □! intervals ot thirty to forty milts. The governmental moil 
carts and horses were for the use of govemmrniaJ officials and military 
officers only, though the drivers could probably be bribed to carry & 
private passenger. The emperor issued a pass called a diploma to au¬ 
thorized users of the postal service and to cronies whom he wished to 
favor. 

Under the Friaclpa ic, private companies alsocanicd mail and parcels 
and rented animals to travelers. The one travel facility to which the 
Romans never attained, and which did m>i appear anywhere before 
+XVTIJ, was that of ihc scheduled common earner: ihe vehicle running 
from here to there at definite times and open 10 all comers. 

To lay out a rouie for a road, Roman surveyors used a few simple 
instruments for establishing borirontut lines and right angles. For the 
former purpose they employed levels ol several kinds (libra, tihettn* 
ehorohmeM These worked cisher by a plumb-bob hanging at right an¬ 
gles to the line of sight, or hy a water level 

For selling up right angle:*, the Romans used a gnntni 1 hh was a pair 
of boards fastened together ro make a right angled cross, mounted hori- 
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Eoutally atop a post Dr si ami, Plumb lines, hanging from the fcnir ends 
□f the crosspieces. made it possible in level the instruments and the sur¬ 
veyor sighted along the crosspieces. At Pompeii, the blacksmith Verus 
kept a gremu in his smithy and presumably did sarveyEXig on the side. 

A Roman paved road was a massive structure that has been well com¬ 
pared to a wall lyipg on its side. The makers began by digging a trench 
several feet deep. If the earth was still soft al that depth, they often drove 
piie* to strengthen II On the surface so prepared, the road wa$ built up 
in layers. 

The precise nature of the road depended on the material to be had 
locally and ibe importance of the route. A Roman poet* Publius Papinius 
Siattus, describes the procedure; ami if you don't think road-build mg a 
puetic subject, vtni don T t know Roman poets. He is celebrating a new 
and shoner road built by Domithn (late +1} near Naples: 

Here lbs belqicd one, borne on an axle. 

Formerly clutched at the pole m it tottered; 

Mud anUpuitd mucked down the wheels while 
Folk in ihe midst of the meadows of Latium 
Shuddered at evils like these of seafaring. 

Nor was the ongoing rapid, but sluggish, &s 
Hchuleas ruts impeded the carriage. 

While the exhausted! high-yoked animal 
Staggered, protesting the onerous burden, 
a tourney I hat once took till sunset 
Now i* completed in Ktrcdy two houn. 

Not Lb rough the heavens, ye fliers, more swiftly 
Wing ye. nor cleave ye the watery ye vessels, 

Ftr>t come* the i^k of preparing ihe ditcho p 
Marking the borders and, deeply as needed* 

Delving into ihe earth’s interior; 

Then, with Other stufT Ailing ihe furrows* 

Making u two for the crown of the roadway 
Lcsi the sod rink* or deceptive foundations 
Fumitti the flagstones with treacherous bedding; 

Then to secure the roadway wish cobhtes 
Close-packed, end aiso ubiquitous wedges. 

How many hands are workmg together! 

Some fell the forces while vome denude mountains. 

Some smooth boulders and hulks wiib iron; 

Others with sand that b healed, and eaithy 
Tutu, assemble ihe atones of die structure. 

Some wilh labor drain pooh ever thirsty; 

Some load ihe rivulet* far to Ihe disuse*, 1 * 
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As Statius indicates, the many hands of the Rom An mad builders 
built their roads to last. A major, fully paved highway in Italy usually 
Consisted of four or five layers, altogether about 4 Eeel thick and ft tty 20 
fuel wide. At the bottom was a layer of sand, mortar, or both. Then 
came a layer of flat squared none? sc! in cement or mortar On tup of 
this was a stnuiun c'f gnivd set in day or concrete. Then came a layer 
Of rolled sand concrete. On top of all was bid a crowned pavement of 
large many-sided blocks of hard nxk set in concrete and dressed on their 
upper surfaces. 

In places where there were no good materials for making concrete, 
and where tbs Romans still wanted a strong paved road, they sometimes 
set ihc surface blocks in molten lead. Few traces of such cosily road¬ 
building methods remain, because ns soon .n Roman authority lapsed, 
the local people pried up their ronds in order to use or >dl the lead. 

Parts of some Roman roads still remain in much ihcii original con¬ 
dition. Today you can drive over the Old Apptan Way, extending south¬ 
east of Rome- The Italians have hud down a layer of asphalt over the 
imperial flagstone** but there are gaps in the asphalt where von go bump¬ 
ing over the same sione$ that rang to the tread of die legtom and the 
triumphs of ihc Caesars. 

The Roman theory of road building w*i that if the road was made 
solid enough to begin with, it would not need much maintenance. Hence 
a fully paved Roman road, under normal wear lasted eighty or a han¬ 
dled years before ir had to be renewed Only in the present century, with 
the advent of heavy automobile and truck traffic, have nations begun to 
return to road-building methods like uic Romans*. 

A* with the Persian^ and Macedonians before them* The Romans con¬ 
quered a grcLil empire !cis because of any peculiar national virtues thatl 
because they had* ai that time, a belter army than anybody with whom 
they fought. This army was important in shaping mu only the history ul 
Rome but also the development of Roman engineering. 

In its curliest stages, in —VI and —V, the Roman army was much like 
that of the Creek city-staics. It consisted of a number of large, solid 
blocks of spearmen, divided in in classes according to how much the 
soldier* could afloni io buy in arms and armor. Those of die richest 
cluis bote a pnmiply much like that oi she Greek hoplimL 

Link by little, ihia army evolved into the form rt Mtained in -I, at 
the end of the Republic At that time ihc inf.iturytmtn earned a pair of 
jhveftfis for ihrowing instead of a pike for thrusluig. At dose quarters he 
fought with a two-loot broadsword 
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Legions were divided into maniple of 200 men, which could maneu¬ 
ver independently The phalanx of Philip and Alexander had had this 
flexible system of subdivision, too; but the Hellenistic kings had let the 
phalanx degenerate into an unwieldy solid mass, which could hardly 
maneuver at ail. The general could only aim it, set it in morion, and 
hope. 

During tbe days of the Republic, the legions-that is. the Roman 
army proper—consisted entirely of Roman citizens, armed as heavy in¬ 
fantry. Light infantry, cavalry, and missile troops were always soldiers 
from tbe allied or dependent slates, or from the provinces, and were 
called "auxiliaries.'* 

As Roman rule expanded, Roman citizenship was also extended, until 
in +212 citizenship was conferred upon all free provincials. Thereafter 
auxiliaries were recruited from Germans, Alans, and other barbarians 
from beyond the frontiers. The practice of recruiting legionaries from 
the border provinces in preference to those in the interior finally made 
the Roman Empire into a molluscan organism, l! hud a hard shell sur¬ 
rounding a soft interior of provinces whose people Imd become demili¬ 
tarized by long peace. 

The Roman army depended less upon brilliant generalship than on 
the warlike spirit of the people from whom it was recruited; on a sound 
and flexible system of infantry drill and maneuver; and most of all on 
stem discipline and rigorous training. Soldiers practiced with swords and 
shields twke as heavy as those they fought with, so that in battle their 
weapons seemed light and easy to wield. Discipline was harsh. The cen¬ 
turion Lucilius. killed in a mutiny under Tiberius, bore the nickname 
"Fetch-another."' 11 because he was always breaking his vine stick on 
his soidieTs' hacks and shouting for another, 

When not lighting, the legionaries were often kept busy on public 
works. They built roads, dug canals and drainage ditches, made bricks, 
and even mined silver. They did not always do such work willingly. 
Under Tiberius they mutinied against road building. The energetic re¬ 
former Prohus became emperor at a time (+N|) when the legions had 
become demoralized by idleness. When Ire put some of them to work 
draining hogs and planting vineyards at Sirmium, 2 * they killed him. 

A strange instance of such '‘keeping the boys busy*' came to light in 
1961, when a cadre ol about a million iron nails, 6 to 16 inches long 
and weighing a total of seven tons, was unearthed at InchtuihilL Scot¬ 
land. Tire Roman arm) built a fortified comp here, at its moat northerly 
outpost in Britain, in +83 and abandoned it six years later. Before evac¬ 
uating the camp they buried tire nails in a pit, which they carefully hid. 
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Now why, you may ask, should any Roman want to manufacture 
seven Inns of oaib ifi distant Seal land 1 '["he only plausible explanation 
it that the Roman high command, lemming that there was iron ore in 
Scotland passed down an order that lhe soldier* should improve their 
time by making nails instead of building roads of digging ditches But 
somebody neglected to arrange for taking the nails away to parts of the 
Empire where they could be used, so they simply piled up. When the 
order came through m +89 to abandon ihe fortress, the local com¬ 
mander, Licking means oF transporting seven tons of nalis. had them 
buried to keep the wild Caledonians from making weapons of the iron. 

Roman military operations made good use of engineering techniques. 
Roman armies t cm ending a march, set up a fortified camp on a standard, 
square plan, which remarried the same regardless of the terrain. A Greek 
army adapted the form of its cump to the ground, but a Roman army 
adapted the ground to the form of the camp, no matter how much dig¬ 
ging this entailed. 

Whereat the Qvtck soldier, though 4i great fighter disdained digging 
as slaves’ labor* the legionary was expected to work as hard with his 
spade us with his sword, Whrn Marcus Licimus Crassus (bier the po¬ 
litical partner of Caesar and Pompeius) campaigned against Spamctifi T 
army of slaves and gladiators, he trapped them by digging a 3(Tmile 
ditch, 15 feet wide and 15 feet deep, dear across the toe of the Italian 
boor, and backing the dfteb with a wall Spanacus' army escaped by 
filling up the ditch on a snowy night. Soon, however, the revolting 
slaves were destroyed when the men became overconfident and forced 
Spartacu^ to lend them into battle against his will. 

To cross streams, Rinnan armies did not have to depend upon fords, 
tufts, or water wings made of irritated goatskins. Instead, their engineers 
threw bridges across the rivers. Caesar bush one—probably u pontoon 
bridge—across the Sabne in a day, and another* a quarter-mile long, 
across the Rhine near Coblenz in ten days. As he described it* he 

* * * caused pair* of balfo a foot and a half thick, sharpened a hide way 
from the base and measured 10 ittJi the depth of the river, to be coupled to¬ 
gether at sn imerval of two feet. These he lowered imo the river by means of 
r*nts, and set f els 5 mm] drove home by rammers; not, like piles, strarghl up 
and down, hut leaning forward at a uniform slope* w> that they inclined in 
ihe direction of I he stream OppCKilr to these + again, were plan ted two halkv 
coupletl in ihe same fashion. it a distance of forty feet form haw to b.is; of 
each purr, dartlci! against ihc force and onrush of (he sircam. Thevc pairs of 
balk* had irinvm Id into them atop, filling the interval at which 

they were coupkd, am! were kepi apan by a pair of braces cm the ouicr «kle 
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at cash end. So. » rbey were held apart and coni ran wise damped together* 
the stability of the structure was so peat and sis character ruch thru, the 
greater she force and thrust of the water, the tighter Were [he balks held in 
lock. These trestle* were interconnected by timber laid over sJ rtghl angles 
and floored with lone pak^ and wtHkwork. And further. piles were driven 
in aslant m the *ide facing down stream. thnm out below tike x buttress and 
cUse joined with the whole structure, so aa to Lake the force of the stream: 
and others likewise at a little distance above the bridge, vo that if trunks of 
trees, or v«w!s, were launched by the natives to break down Ehu structure, 
these fenders might lessen the force of such blocks, and prevent thorn from 
dnin Tiding the bridge, 1 ^ 


Back in late —VI b according to the half-legendary history thnt has 
come down from those limes* a dynasty of Etruscan kings ruled the 
mall tity^state of Rome. One of these kings* the usurping Lucius Taj- 
quin ells Prisons, called Proud," so provoked the Romans by his 
oppression thsit they drove him oat. King Tart] ulniug toured the Etrus¬ 
can courts, trying to rally support against the spread of this wicked new 
idea of throwing out kings and setting up republics. He succeeded in 
convincing his kinsman Persona, king of Onsium, eighty miles north of 
Rome. So¬ 


lars Pottcim of Clustum 
By the Nine Gods he swore 
That the great house of Tarquin 
Should suffer wrong no more. 

By the Nine Gods he wore it. 

And named m try sling day. 

And bade his messengers ndc forth 
East and west and south and north, 

To summon h£t array, 23 

As the Etruscan army neared the north bank of the Tiber, the Roman 
countryfolk stampeded into the city. All seemed lost when: 

Then mil spake brave Hcratim* 

The Captain of ihe Gate: 

+r To every man upon 1hi§ earth 
Death cometb soon or late. 

And how can man die better 
Thau lacing fearful odds, 

Fur the ii-ihe* of his fathers 
And Ehc temples of his Goth , * * 
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Moratlus urged fhe Romans to break down the bridge white he sod 
two others held the northern end, for M Irt you strait path a thou¬ 
sand / May well be stopped by three, 11 As the Romeos attacked the 
bridge wiih ax and crowbar. 

Meanwhile the Tuscan array; 

Right glorious to behold* 

Came flashing hack the noonday light. 

Rank behind fank T like surges bright 
Oi a broad sea of gold. 

Four hundred trumpets sounded 
A pea! of warlike glee. 

As that great host with measured tread. 

And spear? advanced, and ensigm spread. 

Roiled slowly towards the bridge's head, 

Where stood the dauntless Thiee, 

When the earth before fhe dauntless Three was heaped with corpses, 
the bridge crashed down. Although Horatius 1 comrades dashed back 
before it fell. Hernias had to save himself by swimming. But what 
about this bridge? 

Being mode of wood and not more than ten feet wide, it was called 
the Pons Sublicius or ^bridge of plies." An earlier and even more 
legendary^ king, Ancus Murcius, hat! built it. For religious reasons he hud 
made tt entirely of wood, wit hum any iron t and placed the bridge in 
charge of the high priest, who thus came to be called the Pontifex or 
“bridge maker/ fliis sobriquet, shortened to “Pontiff/ 1 has been in¬ 
herited by the Pope. At a yearfy ceremony, dummies made of rushes 
were thrown from this bridge into the Tiber, probably as a vestige of an 
earlier custom of annual human sacrifice to the god of the river. 

The fallen Pons Sublicius was soon replaced and. with successive 
repairs, survived down io the end of the Repuhljc. Then a bridge of 
stone and wood took ite place until a flood destroyed it in ^69. Ii"hc 
mined piers in the Tiber now called the avanzi del Ponte Suhlka arc 
more probably the remiims of a bridge buHi by Probw (+111 u 

In the meantime. as cross-Tiber traffic grew, the Romans built other 
bridges. The Pons Aemilius begsn 3 ^ a structure with stone piers und b 
wooden deck, like Nabopolassar s bridge at Babylon, Later stunc arches 
were insraltcd and a stone pEiving took the place of the wooden deck. 
With repair and rebuilding this bridge was kept in service until 159S t 
when it was finally abandoned. 

The two short bridges connecting the Isok Ttberina, the island in the 
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Tiber, with the mainland—the Pons C«iius to the west and the Pons 
Fabricius fnamed far its architect) to the east—are still in service, carry¬ 
ing swarms of Fiats and motor scooters during the rush hour. So are 
Hadrian's Pons Ariius, leading to the Caste! Sunt* Angelo, once Hadrian's 
tomb; the Pons Muivius. north of the city, where Nero reveled and 
Constantine slew his rival Mnxentius; and the Pons Aurelius. These 
bridges can carry modem traffic because tire Romans, not knowing the 
stresses in their bridges and hence being unable to calculate safe!)’ fac¬ 
tors. built them much stronger than they had to 1$e to bear the loads of 
Roman times. 

The other bridges that stood in Imperial limes f Heron ianus, Agrippae, 
Aemilius, Sublicius. and Probi) have ail fallen. Nor are the surviving 
bridges in their original form. All have been repeatedly repaired as they 
begun to crack and crumble; often one or more arches have been re¬ 
placed. Since the names by which these bridges are known have changed 
through the centuries, the bridges of Rome afford wide scope for schol¬ 
arly disputes as to which is which. 31 

Roman stone bridges were nil built on one si mple plan . Each con- ^ 
sisted of one or more semicircular arches of stone, which was preferred 
to concrete for large arches because of the difficulty of building forms 
to hold so much concrete. Such bridges were put up in great numbers in 
Italy and in the provinces, Two outstanding ones still survive in Spain 
near the Portuguese frontier; Lacer's bridge over the Tagus at Alcantara, 
600 feet long and 175 high; and the bridge over the Cuadiutut at 
Merida, 2.500 feet long and over 30 high. \ l 

The number of spans that have lasted nearly 2.000 years shows lha\ 1 
this bridge design is very solid and substantial. However, it meets tile 
same difficulty that Nubopolassaris bridge did. The thick piers seriously 
reduce the cross-sectional area of the river, so that they produce the 
effect of a dam with holes in it. Because the water is held back, there Is 
a noticeable drop in the level of the river between the upstream and 
the downstream sides of the bridge. Hence the water rushes under the 
bridge with augmented speed. 

How, the power of moving water to carry silt, sand, gravel, and 
stones varies steeply with the velocity, Hence the swift flow between the 
piers of a bridge scours away the bottom until the undermined piers 
totter and fall. 

In sinking their piers, the Romans used methods like those employed^ 1 ' 
today. To form a cofferdam around the site of the pier, they drove piles 
into the river bed with a simple muscle-powered pile driver tike that 
used by Caesar in bridging the Rhine- Then they pumped the water out 
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Of the dam and dug down into the mud until they reached bedrock, or 
until the leakage of waiter rale the cofferdam thwarted their effort. Then 



Because of the limitations of musefe power, however* the Romans 
could not build dick foundations so solidly as we do. Therefore scour 
still threatened their foundations, especially during spring Hoods. 


There were two possible ways to try to strengthen such a bridge. One 
was to build more or larger piers, Bur this reduced the flow of wsiier 
still further and aggravated the problem of scour. The other was to use 
fewer and larger arches, to hold back the river less Following this plan, 
the Romans built some very large arches, such u$ that of the bridge over 
the Nar near Narabi t where the main arch has a span of 139 feet. 

However, with semicircular arches, each inch must be exactly half 
as high us its span is wide. So. if the span is enlarged, the height rises 
accordingly. This is all right where the river Hows between high banks. as 
ai Narnia, But. jf the bunk? are low and flat, the bridge becomes much 
higher in the middle than at the ends. Hence it must have either long 
approaches or steep grade*. The Romans built some big single-arched 
bridges with stairs at the ends, which made them unusable by vehicles. 
No solution was found to this problem until Renounce architects dis¬ 
covered that arches could be made in the form of a semi-ellipse Instead 
of a semicircle, so that spans could be increased without mating the 
deck higher. 

As you spiral down to lhe Roman airport, your eye is caught by a 
straight reddish-brown streak across the flat green Campagnru It h an 
aqueduct—or rather the remains of an aqueduct, tor there are many naps 
in it—looking Just as it did in your high school history textbook. The 
aqueducts of Rome have bem so extensively pictured thui the term 11 un¬ 
dent Rome" at once conjures tip a picture of »uch a row of arches* 

/ The Romans were, of course, not the first folk to build aqueducts. Vou 
Temcmber King Sennacherib's aqueducts and Polyk rates" aqueduct with 
hs tunnel ul Samos, The Phoenicians also const rueicd aqueducts, and 
about —ISO Hellenistic Pergunion built a water system that brought wa¬ 
ter from a nearby mountain under n pressure u£ Ifi to 20 aunuspherev by 
means of pipes, which passed through hollowed stones. 

The Roman aqueducts were distinguished from the earlier ones 
mainly by their size and number Sect kins of their arcades are mil m 
be seen* nut only near Rome, biU ulso el.w where in Italy and In France, 
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Spain. North Africa* Greece, an 1 Asia Minor. Pam of soma of Ehem t 
as ai Rome. Athens, an d Segovia, are still uj use or ai least were ^lihin 
recent decades. 

The arcade* of aqueduct bridge* were aO built m a simple pattern. 
On a row of tall piers, of stone □ t brkk t rose a series of small round 
arches Above these lay the actual water channel of concrete, with an 
arched or gabled roof above it When an aqueduct crossed an excep¬ 
tionally deep gorge, as at Segovia, Tarragona, or Smyrna, two or even 
thiec rows of arches were erected one atop the other. The famous Pont 
du Gaid at Ninjtfs (Roman Ncmatmts) has three superimposed arcades. 
The footbridge that runs alongside the lowest arcade* with arc he* paral¬ 
lel to thme of the aqueduct* w as added in 1743. 

As the arcades are the most conspicuous part of an aqueduct, we 
tend to ihink of “aqueduct" as meaning "arcaded In fact, however, 
the arcades formed only a small part of the whole system. The rest of 
an aqueduct took the form of conduit and tunnels. When Rome s web 
of aqueducts was nearly completed in the early Principal all the aque¬ 
ducts together totaled about 260 miles, of which only 30, or one-ninth, 
were on arches. The actual length of the arcades was even Jess, because 
in some places two or three water channel* shared the same arcade. 

The many Roman aqueducts put up in other pans of the Empire were 
built on similar principles. In +152 the Roman engineer Nonius Bat us 
teni in the following report about the conditions he found when he in¬ 
spected an aqueduct under const ruction at SaJdac, Algeria: 

I found evfrjhNy $ad and despondent- They had given up all hopes dial 
the ophite vectitfns of the tunnel would meet, because each seel ion bad si* 
retidy hern excavated beyond the middle nf the motmtaEn. .As always happens 
in the-e cim*. I he fault wa* sUlrlhuted To me. rhe engineer. as though 3 had 
not taken all prccuuEjum to ensure She success of the work. What could I 
have done letter? For L began h> surveying ami taking the leveli ol (he 
mounmin. J drew plum and sections of the whole work, which plans I handed 
over to Petiomm Cclcr, ihe Governor of Mauretania: and In ink* extra pre¬ 
caution, 1 summoned the contractor and his workmen and began the ck^vb- 
hon in their presence with the help of two gangs of experienced veterans* 
namely, a detachment of marine Infantry and a detachment of Alpine iroopt, 
Whar more could l have done" 5 After four ytitis r alienee, expecting every 
day to hear ihe good Tidings of Ihe water ai Saldac, I arrive: the contractor 
and his n-imlim* had made blunder upon blunder. in each ■section of the 
tunnel they hud diverged from the straight line, each towards the right* and 
had 1 w aited j little longer bet ore coming. ^Idae would have possessed two 
tunnels instead or onef^ 
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The san^vvirr to Datus' question about what more could he have done 
is, of count, "Stay on Tht; job and dtin'i wander off for four year* at a 
stretch/ 1 But then, perhaps poor Datas was ordered to cl her projects 
by his government and had no choice in the matter. 

Why did the Romans build so many aqueducts, when other peoples 
got along without them and we do not build such arcades to carry our 
water? Well, a city that is built on a river, a* most of the world's cities 
are, can usually manage For drinking water by scooping it out of the 
river. Bin even in ancient times, when men were ignorant of bacterin, 
they knew' that spring water is better than water from a river Moreover, 
if she river lies in a deep bed between high banks. Las the Tiber does at 
e, a lot of muscle power must be spent in hauling vc Liter up to sneer 



level. Finally, the Hellenistic and Roman ideals of civilized living called 
for far more fountains, baths, and gardens than had been custom ary 
before, and these required more water. 

File Romans had to build tltcir aqueducts on elevated structures be¬ 
cause the water Mowed in an open channel in stead <sf in Lin underground 
pips as with uk. Flowing in an open chunnd, the water depemied on 
gravity to move it all the way from the source in ibe point of distribu¬ 
tion. Therefore the channel had to have a slight and fairly constant 
down grade of two or three feet to the mile. 

As Rome stands on seven hills amid a wide flat plain, and most of 
the sources were in a spur of the Apennines fifteen mile* to the east, 
the streams had to be carried across the Cam pa gnu on stilts to arrive 
at a level high enough to be useful. The builders followed a natural ridge 
across l he plain as far as they could, tint the nee the water channel had 
to take to the air 

Why did the Romans flni use pressure pipe all the way? R\ this time, 
men knew how to make pipe of bronze, lead. wood, tile, and concrete. 

However, the art of pipe making was still young and the difficulty 
of making good pipe increases with iht size, AM die materials the Ro¬ 
mans had to work with have their shortcomings. Bronze makes a fine 
strong pipe but is hard to work and costly, so that sections left un¬ 
guarded were liable to be stolen, Wood rots and splits; while tile and 
concrete, ihough durable, have but little strength in tension and so can¬ 
not withstand much pressure from inshJc. Moreover, ihe Romans liked 
to keep as much of their aqueducts as they could above ground, where 
leak* could be easily seen and repaired. 

Most Roman piping was in fact made of the remaining substance, 
lead Leaden pipes were made by rolling a sheet of lead into a blinder 
and soldering the edges. Small lead pipes, with an oval or elliptical 
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cross-section, carried water from distributing points at the outlet of each 
aqueduct to the places where the water was 10 be used. To avoid ex¬ 
cessive! pressures riser?; and rcserunn. were installed m such pip: lines, 
Tlvese kept the pressure constant on the same principle as that of 
Ktcsibios* water docks. 

However, extensive use of water frotn lead pipe is bad for the health, 
for the lead hock into solution in the form of poisonous sails. The Ro¬ 
mans were nor entirely ignorant of this fact Vitruvius wrote: 

* . . water h rmtcb more whoteomc from earthen wan? pipe* ihnu from lead 
pipes. For ti seems, ro he made injurious by lead T because white lead paint t& 
produced from it; and thie i- said to be harmful to the human bKuty. . . . We 
can fake example by I he workers in lead who have complex ions affected by 
pallor. For a hen, in casting, the lead receives the currcni of air, I he fumes 
from it occupy the members of the bod}-, and burning ihcm thereupon, rob 
the limbs of the virtues of the blood. Therefore h seems that water should 
not be brought in Scad pipes It we desire to have ii wJwlcsome. 18 

This was, however, but one of many sound suggestions, scattered 
through ancient literature, that were ignored and forgotten. Lead poison¬ 
ing was not property diagnosed until Benjamin Franklin wrote a letter 
about it in 176S, 

The ancients used lead not only for piping hut also for kitchen uten¬ 
sils, Furthermore, leaden vessels w-ere used in milking wme t and the 
stoppers on wine jais were scaled with a cement containing red lead* 

As a result, i;onie students think that lead poisoning was very common 
in ancient times, and that some eases of alleged poisoning of ancient 
notables by their enemies were really cases of lead poisoning, or else 
of food poisoning caused by care]ess mellit^b of hamfling food-a haz¬ 
ard to which travelers in tropical countries are still subjected. 

How about the high-pressure pipe used at Perga man. which I men¬ 
tioned earlier? We do not know what the pipe was made of, bul from 
the head of water k sustained it wus probably metal Since this water 
system was not duplicated elsewhere in ancient limes. The Pergamenes 
may have found that maintaining, it against leakage and theft was more 
trouble than it was worth. 

Although most Roman aqueducts look the form of gravity-powered 
open channels* the Romans did know the principle of the inverted 
siphon—iliat i$> u U-shaped pipe higher at the intake than at the ouilet|/ 
They sometimes used an inverted siphon instead of aqueduct bridges to 
cross deep valleys, Ai Arles such a siphon crossed the Rhone by means 
of pipes laid in the river bed. 
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At Lyon the aqueduct crossed three valleys, so deep that an open- 
channel system would have required arcades 215 to 300 feci high, while 
a system, of piping only would have developed pressures fit the bottoms 
or the inverted siphons of nine to ten atmospheres. To avoid both diffi¬ 
culties, the Romans built inverted siphons, the lower parts of which were 
carried across the rivers on arcades 50 to 60 Feet high Moreover, the 
water was carried, nor by one large pipe, but by a number of small 
pipes, the belter to resist the pressure, In crossing the river Gnrnn, the 
number of pipes was increased from nine to eighteen, each bf inches 
in diameter. 

The first of the aqueducts of the city of Rome was Ihe Aqua Appia, 
built in —312 by the saute Appius Claudius Crass us who built the Ap- 
pian Way. it was made entirely of stone nod was nearly all underground. 

It carried water from the Anio, a tributary of the Tiber. Although it 
begun only seven miles from Rome, the total length of its winding coarse 
was ten miles. Nearly all traces of this aqueduct, including its one small 
100-yard arcade, have now disappeared. 

Forty years later the censors Dental us and Cursor built a second aque¬ 
duct, tapping lie Anio higher up, thirty mtks east of Rome. Hence this 
aqueduct was about four times as long as the Appia. Originally called 
the Aqua Anio. il was later known as the Anio Vctus or "Old Anio" 
to distinguish it from the subsequent Anio Novus, 

During the next three centuries, seven more aqueducts were built to I 
service Rome. The later ernes were built mainly of concrete. The Claudia,/ 
which we saw from the air, is the best preserved- The longest of these 
aqueducts was the 58.4-mile Marcia, built by the praetor Marries Rep 
around —145, Its water was considered the best On the contrary, the 
water of the Abidina— which, unlike the others, came down from the 
eorth to service, not Rome proper, but ihe lamculum region west of 
the Tiber—tasted so had that it was used mainly for watering gardens 
and for filling the artificial lake that Augustus h:id dug for naumuchiue. 

All the other aqueducts came from the south and cast. Near Rome, 
the Anio Novus and the Claudia shared the same arcade; likewise, the 
Marcia, the Tepula, and the lulia shared another arcade. When two or V 
more aqueducts occupied one arcade, their channels were placed one 
above the other. The Romans considered ihe water of each aqueduct 
best for certain purposes; hence they rarely mixed them. 

Arriving at the city, each aqueduct ended in an extensive distributing 
system. First the water firmed into one or more tanks to let mud and 
pebbles settle out. Thence the water was piped to a Lower called a 


[99 


Ttw Early Roman Engineers 

catfflhim nr M IUiJc castfe*" although, because the water in the aqueduct 
was nn1 under pressure, the water level in the eaisCetlum could not be 
higher than in the aqueduct liom which it came. 

From the Cftstdlwn the water flowed into several smaller tanks, 
whence leaden pi pcs distributed it to fountains, baths, industrial estab¬ 
lishments, and private users. Insulae often bad a running-water supply, 
hat on the ground floor only, because the pressure was not great enough 
in supply the upper stories. 

Towards private users* the Roman government had I rouble in finding 
a policy. According to the earty Roman theory of government, chief 
magistrates were eipecicd to build public works. For money they used 
cash from the sale of public land, or the spoils of foreign wars or, when 
both these sources failed, their own fortunes. During the late Republic, 
some of the fierce foreign wars .ind the savage looting of the provinces by 
Roman officials were probably the result of efforts to get funds, In the 
only way they knew, for budding ihe public works they felt obliged to 
furnish. 

Moreover, These public works were supposed to be given to the Ro¬ 
man people for their free use and enjoy mem. The grateful people in 
their turn, would put up statues of their benefactor* Poets would recite 
panegyrics to give the official that sense of glory, pride, and self-esteem 
thin to a noble Roman of the time was more than Jifc itsdt 

Although the original Roman theory of water supply did not con¬ 
template any private users, leading citizens, ami later the emperors and 
their favorites, managed to have lines run to their bottles, where bronze 
faucets com rolled the flow almost as well a$ modem taps. Although ihe 
rules forbade private water for anybody else, other Romans saw no rea¬ 
son why they should not have this convenience, too. So they either bribed 
the water ofikkik to run pipes to their houses or secretly bored holes 
into [he water charm els and tanks and laid their own pipes* 

Under the Principal?, ihe water commissioner* seem 10 have given up 
trying to distinguish between K4 emmeni dtfeens” entitled tn free private 
ninth ftp water and the res; of the people. They charged Ices for private 
water pipes, though we do not know the size of ihe fees or how often 
they were collected. 

Private users, however, still had to have an imperial document en¬ 
titling them to the water, so private running water remained the privilege 
of u few. Other folk were expected to take their jars to the public foun¬ 
tains as In the day* of yore. The Romans never did quiEc grasp the 
idea ih.u such ;i public utilitj could he made to support ilself by offering 
service to all in re [urn for n Used and rational sytfcto of charges. 
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The unit used in measuring water was a rafrr or standard nozzle, 5 * 
The standard eulix was the qurrjaria, a length of bronze pipe t ■ die its 
< = 0.728 modem inches) in diameter and 12 digits ( = 8.75 inches} long, 
connecting the distributing tank to the user’s pipeline. 

Users of larger calicos were charged in a rough proportion to the 
cross-sectional area of tlsetr nozzles, as nearly o$ the Romans could cal¬ 
culate these areas with their awkward system of numerals These charges 
were made on the assumption that doubling the CTOss-sectinnai area 
would double the Jtow, when in fact it would more than double it. 

Hie Romans also knew that the flow of water through an orifice is 
greater if the hydraulic head or water pressure is higher. Rot they did 
not know how much greater. So, not liaving water meters, they could 
not adjust their charges accordingly. 

Musl of what we know of these matters comes from a book on the 
aqueducts of Rome, which Trajan's water commissioner. Sextus Julius 
Fron Linus. wrote around -MOD. Frcmtinus was a typical Roman civil 
servant of the better type, who had served as consul and as governor 
of Britain. As water commissioner be bossed a small start of engineers, 
surveyors, and clerks, and a crew of 7DO governmental slaves, including 
inspectors, foremen, masons, plumbers, and plasterers. 

Frontiiius bitterly complained of the frauds (hat had taken place un¬ 
der his predecessors. Users employed calicos larger in diameter or shorter 
than the standard, so that they got more water than they paid for. Or, 
when they installed a new calls, they left the old ore in place and il¬ 
legally drew water from both. Froniinus was shocked to find secret, il¬ 
legal pipes running to irrigated fields, iliops, and even whorehouses. 

The landowners of the countryside, over whose property the aque¬ 
ducts ran. were even worse. They not only stole the water but also il¬ 
legally planted trees and erected tombs right next to the aqueducts, 
damaging the foundations of the piers. 

Many students, from Front intis on down, have sought to calculate 
the total amount of water conveyed to Rome by the nine aqueducts. 
Frcmtinus u-lls us that the total supply wav the equivalent of 14.018 
quinariae. Unfortunately. Front intis' 4 quinaria" is a measure, not of 
the volume of Bow of a stream, but its cross-sectional area, And the 
cross-sectional area docs us little good if we do not know how fast the 
water flows. 

Still, for want of effective water meters, this system of measuring 
water supply long continued in use: it was employed in Paris as hue as 
the J 650s. When large discrepancies appeared in Frontinus’ figures, he 
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thought thin these were due entirely to theft of water and leakage. In 
fuel, however, Lhe> were also due to his crude methods of reckoning. 

Modem estimates of die total volume delivered to Rome tuns from 
85 to 31? million gallons a day Whatever the maximum delivery of 
all the aqueducts in working order* the volume wu$ much reduced in 
practice. Besides theft and leakage, one or more aqueducts were often 
out of service for repairs. So the actual flow may have sometime* been 
no more than half the theoretical maximum. 

Neither can we accurately estimate the amount of water available 
per person, because the population of Imperial Rome is noi dosdy 
known, either. Estimates vary from 200,000 to L600.000 The most 
reasonable figure, I think, b around a million. At that. Rome at tls 
greatest was much hr get than any of the great citki* that had gone be¬ 
fore it. As nearly as we can estimate, Babylon, Nineveh* Athens, Syra¬ 
cuse. Carthage, Alexandria. Antioch. Capua, and Republican Rome hud 
ail, at their height, harbored somewhere from 250,000 to 500,000 peo¬ 
ple. Probablyi larger cities were impractical because of the difficuiiy of 
bringing luod from a distance to Iced their popublions. Roman roads 
made it possible to import food mure cheaply and therefore to concen¬ 
trate more people ib one metropolis, Hence Imperial Rome and—bier* 
for similar reasons^rnedieval Cominntinciple, Baghdad. Anuradhapura 
in Ceylon, and Hangchow in China all approached or exceeded the mil¬ 
lion mark. 

Some have claimed that each Roman had two or three times as much 
water at his disposal sis the inhabitants of most modem cities But. be¬ 
tides the losses already mentioned, most of the water was used in foun¬ 
tains and baths. Hence it was consumed on a eons run t-flow system* 
not on «i demand system like lhai in a modern private house with its 
valves and laps. Therefore much of the water was wasted 

Aboul all wt can say is that the average Roman 1 * water supply was 
comparable to ours. Anybody who needed water could gel it. even if 
he hnd to haul his own jugful to the topmost story of his insula. 

Aside from the abuse of the water system by grafters and w^tcr steal¬ 
ers, the system suffered from natural causes, which made its upkeep a 
heavy responsibility l® a conscientious bureaucrat like Prontinus. The 
water channels of the aqueducts were always cracking and Ecu king. Al¬ 
though Frofitimi* cumpbiim of sloppy workmanship, this cracking prob¬ 
ably could not be helped. Some was caused by the settling of the piers 
of the arcades. 

Moreover, the Romans did not understand thermal expansion, Hence 
the expansion and contraction of a straight concrete channel several 
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miles long, between a hot imnimcr day and a cold winter flight, was 
enough to crack the cement. As the water was heavily charged with 
mineral salts, the Icakugo built up thick limotouc concretions around 
the piers, like the farms you tan tee at Mammoth Hut Springs lc Yd* 
lows tone Park, 

After Froutimia died uboui +103 and was succeeded by the younger 
Plinius, two more uqucdocL!, were built in Rome: the Tfailim and the 
Alexandrine. After Constantine founded a second capital in the Hast 
at Byzantium (renamed Cbnstantinopolis, -330) und Houorius shifted 
the western capital from Rome to Ravenna (+404), dwindling Rome 
no longer needed more water 

When the Goths besieged Rome in +53T r they cut the aqueducts 
Although the damn ft was soon repaired, the shrinking dty found it 
harder and harder to keep up the system. Because of the cracking of 
the water channel, an aqueduct had only to be neglected for a few years 
before it stopped giving water. 

Although the aqueducts were fitfully repaired during the dark cen¬ 
turies that followed, all of them finally failed about +X. Thereafter the 
people of Rome went hack to the yellow Tiber for their water. For sev¬ 
eral centuries the shrunken and impoverished population, ruled by a 
murderous group of "nobles*' who were merely successful gangsters, 
could not support so vast a water-supply system. Furthermore, when 
Christianity did not regard cleanliness as positively sinful, it phtced it 
down low in ihc scale of virtues. 

The popes of the Renaissance, in rebuilding and beautifying Rome, 
began the renewal of the water supply, Nicholas V started restoration 
of Aqua Virgo in 1453. In the next century . Sixtus V built the Acqwa 
Felice in place of the ruined Alcxandrina. And in +XVH, Paul V built 
the Acquit Paoirna m phicc of the ruined Traiuna. During this work, 
many arches of she old arcades were demolished for their masonry. 

The headstrong and energetic Sixtus V was especially ruihlcs* tn ihis 
respect Like Mehnset All in ninciccnih^enlury Egypt he considered 
himself a modernist. This meanl thiSt he was not at all Krnlirnenraf 
about monument of antiquity and had no compunction about tearing 
them down for his own projects. He completely demolished, far its 
stone, the Septiranium. m ornamental facade that Septimius Severn* 
hp d budl on the Palatine Hill in +203. 

Just as the ancicnlif built aqueducts u> bring water to their cities. they 
buift dnurn and sevrers (o lake away water that ihcy did mix want Al¬ 
though, among ancient cities, Rome was preeminent for its u-wer sys- 
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icm, it was not the first to have one. Drains had been built at Kahkh 
(modem Nimrod, Iraq) and elsev.litre. Sometimes they were simply 
storm drains to prevent the Hooding of streets in cloudbursts' you can 
see such u drain today in the mins of Kameiios on the island of Rhodes. 
Sometimes they carried off waters used in religious rites, as ai Jerusalem. 
And sometimes, as in the palace at Knossas, they disposed of human 
waste. / 

Thus the royal latrine in the palace of Saigon II at Dflr Sfiarrukin 
had. beside each seat, a jai of water and a clay dipper by which the 
user could Gush the appliance after use. At Knossos. on the oi^cf-hand, - 
the Minos depended on a constant-flow system for flushingrThe ap¬ 
pliance was built over a channel through which water constantly ran. 
Latrine drains were generally kept separate from other drains to keep 
noisome gases from rising through all the system's inlets. 

The sewers of Rome started back in the days of the Tarquins. when 
a ditch was dug to drain the swampy land between the seven hills. Ac¬ 
cording to legend, Tarquinius Priseus, the Proud, worked the common 
folk so hard on this project that many killed themselves to escape the 
never-ending drudgery, Tarquinius stopped this wave of suicide by cru¬ 
cifying the bodies of all who slew themselves. The thought that their 
mortal remains would suffer such ignominy nerved the Romans to keep 
on living. However, as other ancient authors tell a similar anecdote 
about the despondent virgins of Mildos. the story should not be given 
much weight. 

The first sewer followed the course of on existing stream and had a 
stone-lined channel to carry off storm waters, Successive generations 
enlarged and improved thie drain, covered it over with a stone barrel 
vault, and led affluents into it. Ii became die great Cloaca Maxima, 
through which, before the water level rose in recent centuries, It was 
possible to row a boat. The oldest parts of the present Cloaca date 
back to -III, and much of the original masonry was replaced in Im¬ 
perial times by concrete. 

The Cloaca Maxima remained primarily a storm-sewer system with 
numerous openings In the streets to drain off rain water. The gram¬ 
marian Krares or MaDos, visiting Rome on a diplomatic mission f—til, 
broke a leg by stepping into one of these openings. K rates aroused the 
admiration of the Romans by doggedly continuing his lectures through¬ 
out his convalescence. 

By the time of the Principatc. s number of large public latrines had 
been built and connected with the sewer system Used water from baths 
and industrial establishments was channeled to flush these appliances. 
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A modem man. entering such a structure, would be struck by the com¬ 
plete lack of privacy and by the costly mosaics and marbles. So lavish 
was the decoration of these establishments that when one was dug up at 
Puieoli about a century ago, die archeologists at first miiiook it for a 
temple. 

Although this latrine system was a great advance over conditions of 
primitive times, it was still a long way from modem sanitation, Most 
insulae had their own latrines, nearly always on the ground ft cor and 
often connected with the sewer system. A few fat least at Ostia. Her¬ 
culaneum. und Pompeii I had sewer connections to thrir upper stories. 
But vast numbers of Romans lived either at an awkward distance from 
(he latrines or on the upper floors of insulae not so equipped. These 
either carried their sewage to cesspools or. laws to the contrary not¬ 
withstanding, threw it cut the window. So Rome, despite its splendid 
sewen. was still pervaded by the bouquet of all p re-industrial cities. 

Withal, the Rum on sanitary system was advanced enough so that 
when, in 1342, a British Royal Commission was appointed to consider 
ways of improving the health of the people of London, the commission 
included in its report a description of the sanitary arrangements of the 
Colosseum and of the Roman amphitheater at Verona. They were better 
than anything Britain could boast at the time. 

Another kind uf drainage system was designed to dry up lakes and 
swamps. Southeast of Rome, between the Via Appia and the sea, 
sprawls a 40-mile stretch of low, fiat tund, covered in a wild state by a 
patchwork of forest and swamp. It is called the Pump tine Marshes. From 
early Republican days on, Rome looked at this land with speculative 
eyes. Romans wondered if. by drainage, this land could not be made 
into good wheat-growing country. 

For nearly a thousand years, Roman leaders attempted to reclaim 
these marshes. The more vigorous of thcm-Appius Claudius Crass us, 
Augustus. Ttajan, and Theodoric the Goth—made inroads into this 
mala rial tlall.mil. But, as soon as their efforts relaxed, the marshes went 
hack to ihtir pristine state. Only in recent decades has much of this 
refractory fen been reclaimed. 

Cctilfiil Italy also has a number of lakes without outlets. Some He 
in the craters of extinct volcanoes. Whereas the level of a normal lake 
is held to close limits by I he outlet, the level ol these landlocked lakes 
varied widely with the seasons. They filled up in winter and spring and 
dried out to bogs und mud Mats in summer and autumn. Hence these 
lakes were not much good Jot hidling, pasturage, or grain crops. 
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As far back as earh —IV, sotftg Roman magistrate undertook to drain 
Lake AIKhuik. fourteen miks southeast cl Rome- He drove 5 runnd 
a mite and a third long, to lead off the water 1 his tun net mIU serve# 
its purpose, and the water from the lake ss used for irrigation. About a 
century later, another politician executed a similar work at Lake 
Vdintis, 43 mrics north of Rome. 

The most ambitious drainage project of this kind. however* was un¬ 
dertaken in the -^40s by the emperor Claudius This was the drainage 
of Luke Fuemus, high in the Apennines at the center of Italy Whereas 
the previous lakes had been only a couple of miles king* Luke Fueinus 
was ten miles in length. 

Ihc interim un Narcissus* Claudius’ secretary and the most powerful 
man in the Empire, had charge of the project, on which thirty thousand 
men worked for eleven years. Along the course of the 3.5-mite tunnel, 
several do*cn shahs were sunk from the surface, so that the workers 
could descend to the cutting*. 

To celebrate the opening, Claudius prepared a great nuumnehia on 
the lake. Nineteen thousand convicts manned two fleets of trienies and 
quadriremes, the "'Rhodian 11 and ihr “Sicilian" fleets, while soldiers on 
rafts surrounded them, lest some crew run their ship ashore and make 
a dash for the hilis. 

When (he jtbdktors gave the conventional cry: "Hath CaesarJ They 
salute you, who are about ip die!" CLiudius replied; '“Or not, as the 
case may he" Although this was just one of the scliobr-eniperoris little 
jokes, the lighters thereupon refused to fight, declaring that the emperor 
had pardoned them. It took threats of maisaat to get ihe huttle under¬ 
way, and the combat continued until a satisfactory quantity of blood 
had been shed. 

The first attempt to lower the lake level did not work well. because 
the funnel did not tap the Juke &t a low enough point- Claudius h-td 
the work improved and staged a second grand opening, with i^ore 
gladiators. He also spread a banquet near the outflow of the tunnel. 

When the floodgsiies ware opened* she volume of the stream was 
much greater than expected. It vwept away putt of I he banquet and 
some of the banqueters. Thereupon u noisy quarrel arose between Nar¬ 
cissus and Claudius 1 fourth wife, the fiendish Agrippina, who was also 
his niece and the mother of Nero by :ui earlier marriage. Agrippina 
screamed that the work had gone awry because of the emit I hat Narcis¬ 
sus had made from the project- The gouty Narcissus, enraged, i4 wn? 
not dJtrnr hut inveighed agihist ihe doiaimxrittg temper of her sex, and 
her extravagant ambition."''' 
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Soon thereafter Agrippina fearing that Narcissus would turn Clau¬ 
dius against her. poisoned the Emperor with toadstools. As soon as 
Kern was on the throne, she had Narcissus jailed Narcissus either was 
killed or slew himself. 

The tunnel soon became blocked and went out of use. Although 
Trajan and Hadrian reopened it, control or Lake f-'uanus was not made 
secure until a modem tunnel was completed by Prince Torlonb in 1876, 

Perhaps Narcissus had indeed been grafting. We must remember, 
however, that our two main sources for that period, Suetonius and 
Tacitus, abominated the Juikr-Cliiiiijian emperors. Their sympathies Jay 
with the Senate—that is, the landowning aristocracy—with which these 
emperors often came in conflict. Therefore they tended to magnify the 
emperors’ faults, attenuate their virtues, and condemn their associates. 
Although some of the Julio-Claudians were pretty appalling. Lhcv may 
not fully deserve the judgment: ‘ An arch-dissembler was succeeded by 
a madman, and a fool by a monster.If they had been, it is hard 
to see how the Empire could have survived them. On the other hand, 
for lack of evidence, we cannot tell how much belter the Julio-CWiam 
we re than their gruesome li terary port rails. 

Because the land was mountainous and (he rivers short, canals did 
not play o large role in classical Italy. One canal, however, paralleled 
the Appian, Way between Forum Apii, 43 miles from Rome, and Tar- 
racina. Forum Apii was probably founded as j stopping place by Ap- 
pius Claudius Crass us. Travelers from Rome often left the mad at 
Forum Apii to take an overnight canal-boat ride tn Tanacina, where 
they took to tunics and carriage* again. Horace tells of such a journev! 

Presently night began to spread her shadows over I he eorlh and to Scatter ihe 
-srius acres* the heavens. A babel of voices arose, slaves abusing boatmen and 
hitmen abusing slave*. "Make a stop here!" 'Thai’s plenty, You've got three 
hum,red on board, now. We wasted a whole hour paying fares tutd harness- 
lug Use mule, Hitt cursed mosquitoes and frogs in Use mnnh made steep im¬ 
possible, while a boatman and a passenger, soused with flat wine, rivaled cate 
another In tinging to their absent mi stresses, Finally the passengers became 
cxnausfed and dropped »IT to deep whilr the lazy bmtnwn tied the hatter to 
a rock, mined out the mule to graze, and Jay on hi* bnck and snored. It was 
already dawn before we noticed that rhe craft was not moving Then a hot¬ 
headed ltd low. one of the passengers, jumped from the boat, ctu himtcli .* 
willow cudgel and chihhed ihe mute and boasmun over the head and sides. 
Even at that wc only landed at ten o'clock to Wash our hands and f.rcc-, in 
your holy water, Fcronia. 1 - 1 
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Under {he Principal?, harbors wen? improved all over the Empire. 
According to doubtful traditions. King Aneus Murciu*. illeged builder 
of Horatius* bridge, founded a Roman colony at ihc mouth of the Tiber 
(—VtT] arid talk'd the settlement Ostia, '‘entrance/ 1 During the Punk 
Wan this became a naval station. Then, as the city of Rome expanded 
and needed more grain from abroad* Ostia became the mam pon for 
the tnins-sbipmcnt of this grain. 

Bv the irmc of Augustus, silting kid Unpaired die value of Ostia's 
harbor. The shore line had moved seuwartt and the harbor bar was 
becoming a menace* either because the water over it was shallower or 
because the grain ships wers larger. 

As a port. Ostia competed with the Bay of Naples and its several 
excellent natural harbors. In —36* Augustus added a great new harbor 
at Baiae* on the west shore of the bay. The harbors of the Bay of Naples* 
especially PuieolL still received most of the more valuable and less bulky 
goods bound for Rome. This freight was moved to ite capital over the 
Appmn Way. 

Bulk goods, especially grp in t enme to Ostia. Tf it came m a small 
enough ship, the ship went on up the river to Home-rowing if il had 
oars* being towed if it did not. Larger ships unloaded their cargoes at 
Ostia, whence it was taken to Rome in barges pulled up the river by 
slave* or by oxen, or was carried over the Osthin Way. Very large ships 
]iuj to anchor outside the bar and send their cargoes ashore in lighters. 
Many of she captains of these ships therefore preferred to unload at 
Puienli, despite the high costs of bind transportation. 

Claudius wanted to enable large ships to enter the harbor in winter 
and lie up safely, so that, if the summer s importation of grain fell short 
ships could continue ro bring in food throughout the * inter. He there¬ 
fore built a new harbor, called Pon us. across the mouth of the Tiber 
from Ostia, 

Two curving breakwater* extended out until they formed an nltitost 
complete semicircle. A man-made island near the opening *HfcWcd the 
harbor from swells ami supported u lighthouse. To lorm a Iciufubtmfl 
for the island, Claudius had a special ship, w hich had broudn an obelisk 
from Egypt, 6lied wish concrete and sunk. 

Despite these precautions, a violent siorm in Nero's reign < 4 62) sank 
200 ships hi the harbor. Therefore Trajan improved the facilities still 
further. He dredged out a hexagonal inner harbor, with a blip for small 
cruft to tic up. 

Similar harbors were built elsewhere in the Med if errant aa Between 
—20 and —10* RomeN ally Herod the Great, kmg of Judaea, built a 
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new city. Caesarea, on the harborJess coast of Palestine. The sciui- 
ctrcuktr breakwater of Caesarea’s man-made harbor hud its monu¬ 
mental opening on the northern side, because the strongest blows in 
that region came from the south. 

Puteoli had a breakwater of original design. It consisted of two par¬ 
allel arcades with a space between them. The arches of one arcade were 
in line with the piers of the other, so that no wave could sweep straight 
through. Yet the openings in the arcades lessened the impact of the 
waves on the structure, somewhat as the holes in a panel of sound- 
proofing material absorb sound waves. 

Most Roman harbors hud lighthouses, While their design was some¬ 
what like ihat of the Pharos, they were smaller and less ornate. A typi¬ 
cal Roman lighthouse consisted of several stories, round or polygonal, 
each smaller than the story below it. The light at Ostia had seven stories; 
that at Boulogne, twelve. 

The Boulogne lighthouse was repaired by Charlemagne in +811 and 
was fortified and equipped with cannon by the English in the 1550s. 
In (he 1640s, as a result of reckless quarrying and neglect by the magis¬ 
trate* of Boulogne, the cliff whereon it stood collapsed, bringing down 
the lighthouse with it. Remains of Roman lighthouses still stand at 
Freju* (Forum lulii) and at Dover, 

And how about the ships that were guided by these lighthouses into 
the Roman harbors? During the Punic Wars, the Romans, like their 
Carthaginian foes, used as their standard warship ihe Hellenistic penlcrc 
or qujnquireme, with a single row of five-man oars on each side. In 
these war? the Romans made one technical advance; mounting a Hying 
bridge on the bow of a ship, with a projecting spike to catch the foe's 
deck when the bridge, called a mrvtti or '‘crow,” was dropped on the 
other ship for Warding. By thus converting naval battles from ramming 
contests into shipboard infantry battles, the Romans were able to inflict 
8 series of smashing defeats on the skillful seamen of Carthage. 

Later, the Romans made some Use of giant galleys of the Hellenistic 
type. Ihe evolution of these super-galleys ceased with the battle of 
Aciium (—31) where Marcus Antonins employed some of them against 
Ocij via mm. His flagship was a dcciretnc or tenner. But disaffection 
broke up Antonias' fleet in the midst of the bailie, nnd Antoni us and 
Geo palm link (o lice with such ships as remained by:U to them 

Once Ociaviunus, under the name of Caesar Augustus, ruled the en¬ 
tire Mediterranean, there was nobody left for these big cosily ships to 
fight. To keep down pirates, triremes and bkemes were adequate. So, 
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for the nem five centum?, the Roman navy cammed of these small 
galleys. The favorite type was the Liburninn, a bireme baaed upon a 
design formerly used by Illyria*) pirates. 

Larger galleys were revived after the fall of the Western Empire, in 
the wars between the Byzantine Empire—the eastern rump of the Ro¬ 
man Empire—and the Arabs. The Byzantine battleship was called a 
dromon* Hits was a biienie with one man io each lower oar and, de¬ 
pending upon the size, one, two, or three men io each upper oar. 

On the other hand, the design of merchant ships advanced under 
Romo. Grain freighters were often over 100 feet long and carried cargoes 
of over 1,000 tons, compared to 180 tons for the Mtryfhrten They 
were luoad. tubby, solidly built ships, which wallowed along at about 
six knots under one large square sail. To dm sad, however, was added 
an PTtcmrai or foresail, a triangular topsail or nitfee sail, and some- 
limes a small mlzzen sail on a third mast fit the stem. These small sails 
at how and stern were intended less for speeding up the vhip ffian for 
making it easier to maneuver, in harbors dies* sstiips were moved by 
tugs, which were large rowboats like a modem lifeboat. 

An important change, almost certainly of Greek invention, also toot 
place in rigging. Tbc fore-and-aft sail appeared, making it possible to 
sail much closer to die wind than before. When a fisherman named 
Alexandres of Milcios died near Athens, a tombstone was put up show¬ 
ing Alexandras steering his fishing smack. Alexandras* sail is similar 
to the triangular lateen sail of later centuries, except that the $a0 is 
-squared off at the forward end instead of coming to a point, A sail of 
this type is called a short-luffed lug. 

Olhcr Greeks of iibout the same time had tombstones showing fore- 
and-aft sails of Another type, the spritsaiL The spread is fastened to 
the rnsst at its upper and lower forward comers. A diagonal spat from 
the base of tile mad to the upper after comer spreads the sail, and the 
lower after comer is belayed to the deck by the sheet. 

As these tombstones ate nor dated, their exact time hat to be guessed. 
CassoD. who has. been prowling the Mediterranean in search of them, 
fa sure Ihcir some £o back at least la +1 and that one fa from —11. More¬ 
over, a coin of Nero's time shows several ships with short-luffed lug 
or lateen sails in the harbor of Ostia. 

For several centuries after their invention, sails of these types appear 
to havt been used only on small boats such as fishing craft. It was es¬ 
pecially important for coaslul ctafi to be able to sail whithersoever they 
wished, to avoid being blown ashore. After the fall of the West Roman 
Empire, the lateen sail became popular not only in the Mediterranean 
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but also around i_bc shores of the 1 mi Lin Ocean, For a thousand years* 
through the Dark and Middle Ages, mosi siup $ in the Mediterranean 
had lateen sails. 

Perhaps ym wonder why, once shipbuilders had fore-and-alt sails, 
they did noi abandon square rig altogether- The wm lifer is that square 
rig has many advantages for long-distance, deep-water sailing, In cross¬ 
ing wide seas and oceans, the captain can take advantage of prevailing 
wind belts so (hut during mast of the voyage he has the wind astern, 
And + with the wind asicim Lhe square rig gives a greater of sail 
nnd makes more efficient use of it than the fore-and-aft. 

Moreover, possession of a fore-and-aft sail docs not, by itself, mean 
that it will be used tor siding close-hauled. The sailing ships of die 
Arabian Sea, of the kind called "dhows, lf have long used die short- 
JtUfcd logsail But ihey do not sail dose-hauled or tnck. Instead, their 
masters wait for the seasonal monsoon winds to blow whither they wish 
to go: for. as they say: IJ No one hut a madman or a Christian would 
sail to windward,"' 3 It is not the custom, and anyway their sails arc 
probably too baggy to make such sailing practical. 
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lq the final century of the Republic, Rome expanded swiftly, 
gobbling up all the other nations of the Inner Sea. At the same time the 
nation was convulsed by ferocious dvil wars among rival politicians, 
who butchered thtlr opponents by tens of thousands and piled pyramids 
of heads itt the Forum. Nobody heeded the Roman Constitution any 
more; m ambitious man cared less tor the rules of political advancement 
than for control of troops by whsdi he could impose his wPL 

In the -4Qs, the most gifted of ihese poUtidaiwd venturers, Gants 
Julius Caesar, crushed Ms opponent the party of Pompeius. Less than 
a year after he had attained supreme power Ld Rome, however, Caesar 
was murdered f—14) by diehard republican*. After another round of 
civil war, Cnesafs grent-nephew succeeded to the murdered dictator's 
power. Originally named Gains Octaviothis youth changed his mime, 
as customary, to Gain* Julius Cucs-tr Octroi anus 1 when his great-unde 
adopted him in —45. 

In —27. having in his turn liquidated his enemies, Octaviarras took 
the nome or title of Augusius. together with a number of Republican 
offices. Although in theory the constitution of the Republic remained in 
force, in fact the Republic had ended und the Empire had begun. The 
title of the early emperors was Prinevp 4 or “first citizen ” so [but the 
early Empire is properly called she Principally 
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Augustus' forty-year reign was a time of unprecedented peace and 
prosperity. Trade routes stitched the Mediterranean. Goods and gifted 
men poured into Rome, which became the world's most magnificent 
city, while Roman roads, law, and citizenship were bit by bit extended 
to the provinces. Beyond the frontiers, the barbarians were not yet a 
serious threat, although the Germans wiped out one Roman army that 
strayed too far into their somber forests. 

Slavery reached vast proportions. In Italy, the number of slaves ap¬ 
proached or perhaps even exceeded that of free men. A proposal in the 
Senate to make the slaves wear distinctive dress was hastily ^milched 
when somebody pointed out that "It would be dangerous to show the 
wretches how numerous they really ware."* 

In later centuries, as the Empire ceased to expand, one of the mam 
sources of slaves—conquest—dried up, and the freeing of slaves was easy, 
common, and socially approved. Hence the number of slaves declined, 
while the law gave them more and more protection. At the same time, 
the lot of the poor free worker worsened ns more restrictions were 
clamped upon him. Consequently, at the end of [he Western Empire, 
there was little to choose between the lot of tile slave ,md that of the free 
worker. 

The wealth and peace of the early Empire, the lust of the first em¬ 
perors for glia rv-by-build mg, and [he abundance of cheap labor com¬ 
bined to foster a great surge in the construction of public works and the 
practice of engineering. 

The most eminent engineer and builder or the Roman world, after 
Appius Claudius Crassus, was Marcus Vjpsanius A grip pa {—63 to 
-12), Boro into on obscure Roman family, he studied at Apollonin, a 
Greek city on the Adriatic coast opposite the bed of Italy. With hint 
studied Gaius Octavius, the future Augustus. 

Agn P p;i und Octavius became lifelong friends. When Julius Caesar, 
fighting his last campaign .isiainst the surviving Pompeians in Spain, 
sent for his adopted son. he included Aerippa in the invitation. In Spain, 
Agrippa learned Ihc an of military command. 

Back in Rome the following spring. Caesar was murdered, and 
Octnvianu* (** he *3* now called 1 came into power as one of the Sec¬ 
ond Iriumvimtc. ’i imrig Agrippa. now praetor, won victories in Gaul 
and Germany. As consul in —37 he commanded Oetavianus* fleet against 
the forces of Sextus Ptmpciiu is the waters around Sicily. 

Here Agrippa showed his technical flair, First, lie had to prepare a 
lot of untrained soldiers and sailors to fight a formidable foe. To over- 
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coinc ihi^ handicap. he mack Lake Lucrinus—Grata's old oyster-hunting 
ground—into a training area. 

Shallow Lake Lucrimj* was separated from ihe Bay of Naples by a 
narrow mck of land- Half a mile inland from Lake Lucrinus lay the 
deeper Lake Avcrnus in the crater of an exii&ct volcano, Agrippa joined 
these lakes with each other and with the bay, using Lake Averinas as a 
stoma-proof anchorage and the other hkc for exercises, Few traces now 
are left of Agrippa T s Partus luhus, as he named this complex, because 
an earthquake and eruption Lo E 538 changed the lay of the land, 

Agrippa also invented two device* to give him a military advantage. 
One was a collapsible tower for missile troops, which could be quickly 
raised from the deck when a ship neared an enemy, The other was a 
grapnel that could be shot from a catapult, to catch another ship and 
pull it dose for boarding. 

When Sextus Fompdus and his pirates were cleaned up. Agrippa be¬ 
came aedile in Rome and began his notable public works. He repaired 
the older aqueducts, built two new ones, and further improved the water 
works by constructing 130 water-dbiributing stations, 300 large cisterns, 
and 500 fountains. He even took a boat ride through the Cloaca Maxima 
-the greiii sewer—lo direct its renovation. 

In —3 l t Agtippa took part in Octavianus 1 war against Marcus An¬ 
tonins. Having reduced Antonins' forces to hunger by capturing their 
naval stations and blockading (hem in Western Greece* he commanded 
the whole Dctovlanist fleet at the decisive battle of Actium. Octavianus, 
who knew that he was no military genius, watched from a distance. 

Having become rich from the property of political enemies, which 
Octavianus confiscated and gave 10 hb friend, Agrippu spent his own 
money as well an ihe style's on public works He built ihe first public 
bath in Rome, ihe forerunner of those immense hath halls erected by 
Diocletian and Caracal to, This was- his own property, but when he died 
he left It to Augustus iu% Oetavtonii* now called himself) with a hint 
thiit it ought to belong to the people. So the Prinecps tunned the edifice 
over to the state. 

Agrippa also built another bridge across the Tiber, a series of temples 
and porticoes and a hall for conn ling voles. As the emperors soon 
stopped holding elect ions, this last building became a theater. Agrippa 
also built a naval hey dqu.j iters hut Ming and insulae for the masses to 
live in. 

The mol celebrated of all Agrippa's constructions was the Temple 
of All Gpds—thc Pantheon—in Rome. It consisted of two main parts: 3 
rectangular portico and, behind ihe portico, a large rotunda. 
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It b hard to say bow much of the present building h Agrippa's orig^ 
itioh or even how much it looks like the original. The Pantheon was 
damaged by fire in the reign of Titus, repaired by Domiriatii damaged 
by fire under Trajan, drastically rebuilt by E-Lidmn in the * J - 120$, further 
repaired by Septimius Sevcfua and Caratalla^ turned imo n Christian 
church in +60S, and snipped of its gold-plated tiles by the Byzantine 
emperor Cretans Il f who was slain by Saracen pirates on his way back 
to Constantinople, During the Middle Age* it was robbed of its marble 
facings, all the statues that once occupied the niches of the rotunda 
having already dtsappearetL 

The last big depredation recurred in 1625, when Pope Urban VIII 
(Maffeo Barherini) rook the bronze girders that held up the ceiling oi 
the portico. He niched iheru up to cast eighty cannon. These he mounted 
a round H.jdrhw's tomb, which earlier popes had already turned into a 
private fortress under the name of the Castcl Sant' Angelo. 

Urban's rape aroused no little comment, even in an age when the 
despoiling of ancknt monuments was common. A wag of die time said; 


Quad non fmrunt h or ban tcccrttnl Bur her mi 

or. '"What the barbarians did not do. the Barherini Su^c Lione. 11 Another 
writer defended the action on the ground th-Ut it was a “worthier destiny 
* * „ that such noble material should keep off the enemies of the Church 
rather than die g ain. * 1 * 

Any historian of technology would agree with the first comment; for 
these were the unly all-metal girders ever known to have been made in 
ancient times. We cannot tell, now, whether they formed part of 
Agnppa’s original structure or were put in during Hadrian's rebuilding. 
In any case. Pope Urban replaced ihc brorcen structure with one of 
wood. 

The front of the portico, at leash may be original, for it still bears the 
inscription: 


M - A GRIP PA - L ■ F -COS - TERTIVM - FECIT 

meaning: " Marcus Agrippa, son of Lucius, made (this) in this third 
consulship," 

The rest of Agnppa's life was spent on military und diplomatic mis¬ 
sions He pacified the Gauls in —19 and found lime to build four great 
roads m Gaul. He also furnished the town of Nrmausu* t modem 
N Lines > with u grai:cfu! temple.. a public butb, an arena, and an uqiic- 
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duel. All *til! stand escepf the bath, which was partly demolished for 
military reasons In 1577. The aqueduct induces the celebrated Font du 
Card. The temple is now known u$ the Mdson Curve or Square Bouse. 
At Thomas Jefferson's urging, it was taken as a model for the Virginia 
State House at Richmond Jefferson mistakenly thought it had some¬ 
thing to do with the Roman Republic. which he ^limited, 

Agrfppa went on to Spain, crushed rebellious tribes, and hull: roads 
Ai Augusta Emcrila (modern Merida) he erected temples, baths., a 
circus, a theater, and a naumachia, of which the last two are still m 
good condition. Visiting Syria in —15, he built a hath and other struc¬ 
tures at Antioch. After further travels and missions, robust and energetic 
though he seemed, he died suddenly, probably of gout, a* 51 - 

Although Agrippa rank* with Rimieses Jl Lind Nebuchadrezzar II as 
a builder we cannot triJ much about his personality. For one thing, the 
attention of ancient historians was glued io monarchy arid general* to 
the neglect of other folk. For another, Agrippa w as such a modest imin T 
in an age when paranoid ttiLaggrandizjcmcnt vem cornu tie red norma] 
behavior. lhal he refused ^ome of the Triumphs Augustus offered him* 
We can infer that Agnppa was sober, hard-driving, honest by the 
standards of the time, devoted to his building projects, but personally 
not very ambitious. His technical judgment seems to have been sound. 
In other word** he was the perfect executive engineer. He looked the 
part, too: heavy-sei but rather handsome in u beetle-browed* beak- 
nc^ed, jut-jawed way. 

Augustus, on the other hand, was a cnld t crafty, merciless little man 
who learned to play to perfection the kindly role of father of bis country. 
Augustus mnde the shrewdest of his many clever moves when he at¬ 
tached Agrippa to himself. For he come near to falling more ihan once 
and might well have done so without Amppa's staunch help. 

The more tightly to bind Agrippa lo him, Augustus persuaded Agrippa 
to divorce his first wife and marry Augustus* niece Marcella, then to 
divorce Majcelb and wed hi* daughter* the promiscuous Julia. This was 
probably not so painful as it sounds. because, to most opprr-dass 
Romans, marriage was mure a matter of business ihnn it h with us. 
They traded wives back and forth as liberally as movie stars do today. 
There reason to think (hat Augustus planned to name Agrippa his 
successor, for h probably never occurred to the frail Princcps that he 
would outlive I he lusty Agrippa by a quarter of a century. 

A few yean before Agrippa's death. Augustus* stepson Tiberius had 
married Agrippa's eldest daughter VIpsaititL After Agrippn s death, 
Tiberius* mother Livid prevailed upon him to divorce Vipsnaia and 
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jruwry lhe amorous Julia, daughter of AogiWttti- As Tiberius loved 
VjpsaniaL, ihe experience soured him for life, and he became a morose 
and miserly emperor Agrippa left several oilier children* most of whom 
came to violent ends, A son of one nf these children became the em¬ 
peror Caligula, while one oi Caligula's sisters was the dreadful Agrip* 
pina. mother of Nero. 

Tlie geography and autobiography that A grip pa wrote are lost* but 
we are lucky to have u work by a contemporary and colleague- of his. the 
architect Marcus Vitruvius. Very litde is known aboil! Vitruvius, save 
that he had worked for the state as an artillery engineer, that lie built a 
basilica or town hull at Fanum, and chat he described himself as m ugly 
little old man. 

We must think of Vitruvius as a writer on comparatively early Roman 
architecture lie borrowed most of ihe historical parts of his treatise 
from his Greek predecessors, and he discusses die building methods of 
HdlenLuic and Roman Republican limes, in hh day, the moil famous 
Roman buildings, such as the Colosseum and Hadrian’s villa, h+td not 
yet been bulls, so he could nut deal wiLh them Despite certain short- 
comings, his treatise is one of our main sources of information on ancient 
art, architecture, and technics. Although many other such treatises 
once existed, time has spared Vitruvius' De Architecture alone. 

Of Vitruvius’ 1 ten +K books/ r the first deals with the qualifications of an 
architect, architecture in gene nil, and town planning. The second (ells of 
building material the use of which it truces from prehistoric times: and 
it also describes the Roman methods of using masonry, brick, and con¬ 
crete. The third book h about temples; It derives the proportion!* of their 
parts from the proportions of the human body. The fourth (ells ol the 
three orders: Doric, Ionic, iind Corinthian. The fifth describes public 
buildings of other kind*—basilicas. iheater*, bushs, and so on-tmd dis¬ 
cusses acoustics and the wave theory of sound- 

The sixth hook tells about dwelling houses, while the seventh goes into 
interior decoration, with much detail on plaster, paint, and mosaics. 
Book VIH Is on water supply: springs, aqueduct*, wdls t cisterns, and so 
forth. The ninth deals wish geometry, astronomy. measuring, and the 
design of water docks. The tenth and Last expounds mechanics. In this 
Vitruvius includes hoisting device*, pump*, water wheels and mills, the 
water organ, and a geared taximeter to measure (ht distance a carriage 
has gone. He also devotes several chapters to catapults, tortoises, 
sambucae. belfries, and other engines of war. 

Vitruvius’ work dropped nut of sight in the Middle Age*. But, after a 
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manuscript copy of it was rediscovered in +XV and Vitruvius' writings 
again became welt known, architects came to look upon him as an 
Infallible authority, much as medieval schoolmen regarded Aristotle. 

After lhe aged Augustus died, his successor, the somber and thrifty 
Tiberius, did little in the way of public works, save to build a temple to 
Augustus and restore Pompeius 1 theater. 

Succeeding Tiberius. Lhc mad Caligula started die aqueduct later 
known as the Gaudian Instead of concrete and brick, which had become 
usual for such works, he ordered it made ot the costlier stone. He also 
had the Isthmus of Corinth suneyed with the idea of cutting a canal 
across it. Otherwise be indulged in such freaks as assembling a bridge of 
boats across the Bay of Naples, like Xerxes' bridge across the Hellespont, 
solely to stage parades led by himself in fancy dress, 

Claudius, intdligettt and well-meaning if prematurely senile, was a 
more rigorous builder. He finished the languishing Claudiun aqueduct. 
2 have told about his drainage of Lake Fucimis. When a grain shortage 
caused the Roman mob to pelt Claudius with bread crusts, he speedily 
built the harbor of Forms, next to Ostia, to secure the food supply. 

The Julio-CJiiudtan emperor with the most creative engineering ideas, 
however, was Nero. Usually thought of as 3 monster, Nero was the most 
gifted, artistic, and versatile of the line, as well as the most contradictory 
and the lost 

As a Heltenophile, Nero, despite his persona! fondness for murder, 
deplored gLadiatoriaiism and tried to wean the Roman public away from 
it. When be gave “games," he refused to allow anybody to be kilted and 
even made hundreds of Roman gentlemen appear in the arena to sec 
what it felt like. He olio encouraged plays, concerts, and bullets as a 
substitute for the gory national spectator sport. 

Nero was intensely serious about his own artistic ambitions. While hi* 
voice was too weak for good professional singing, his poetry h said to 
have been not bad. When he appeared in an artistic contest, he tried 
to see that the judges judged his performance fairly But the judges, 
knowing the spoiled, capricious, and violent temper of their Princeps, 
took no chances; they gave him the prize regardless of the merits of the 
performance. 

All this cultural propaganda hud no effect on the Romans, who went 
right back to blood and cuts. Nero's artistry they despised, as this was 
not ihc son of thing a Roman gentle man did. They did not especially 
mind his having his mother murdered; most agreed that Agrippina de- 
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served what she got. Dm it incensed them that Lheh emperor should so 
demean the Empire as to play the Jyre and sing in public. 

In +64. a conflagration burned the greater pail of Rome Cioue were 
many structures that had come down from the duv> of die tings and the 
early Rcpubhc. Gone, too. were countless- art UtaMts plundered Iruffl 
the Greet lands, 

Dunn]! I he Eire, men were seed running about with torches, spreading 
the lire and defying anybody to stop them. Some suit! that these were 
Nero's agesUs, but this is unlikely, Others blamed tli^ Christians, and 
Nero massacred numbers of Christians m punishment It is not ins pos¬ 
sible that the incendiaries were In fact Christiana, because Christtuniiy 
then included many wild-eyed fanatics who went about crying that the 
world was about to end. But perhaps the arsonists were merely slaves, 
venting their hatred of their musters and of Rome, or ruffians cut Eor Loot 

Nero energetically direelcd the fire fighting Afterwards be took 
prompt and vigorous action to succor the people, collect contributions 
for their relief, import on emergency store of food, and rebuild the city. 

In rebuilding, Nero used the services of a pair of able architects, 
Sevcras and Cder. This time Lhe streets were laid oul on an orderly 
gridiron plan, with wide avenues and open spaces in place of the former 
tangle of crooked alleys Some of the avenues nf modem Rome still 
follow those of Imperial times; thus the Via del Carso is the old Via 
La la or Broad Way The new pbqIh were limned in height and re¬ 
quired to use a certain amount of fireproof construction. They were 
abu provided with balconies to help in fighting fires, while the water 
works were extended to make more water available for this purpose. 

Nero did not forget to reserve for himself a large btimeJ-over trad, 
stretching from Lhc FuMiite Hill to lhe Oppian Mount Here be built an 
enormous palace, the Golden House, with u nitk-imtg colonnade md a 
statute of himself, by the sculptor Zi:nodcras. as big as the Colossus of 
Rhisdcs but r as a result of advancing methods of euttstrumfon, com¬ 
pleted in a fraction of the lime* Vcsjwknuf biter turned thb figure 
irate a statue of Helios by putting a emwn of solar rays, like those of the 
Rhodian Helios, on the statue's head. Then the tireless Hadrian, with 
The help of the architect Decricmus, find the features reworked to look 
less like Nero T s and, by means of rwtniy-four elephants, moved the 
stntue to n new sire. 

Severn* and Outer persuaded Nero to an even more daring scheme. 
This was to dig u ] 60-mile canal along the Italian coast front Ostfia to 
Lake Avemus Inhere* by menus of the channels cut by Agrfppa, this 
canal would communicate with the Bay ot Naples. Neto mobilized lhou- 
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sands of convicts to do the work. Digging began, but ai Nero's death 
tile project was dropped. 

I^ter historians dted this canal as just one more example of Nero f s 
megalomania. Actually, it was a brilliant idea, By means of titis canal, 
heavy grain Freighters would husc been able to s ml safely to a point close 
to Rome, A? it was* they brad cither to stop ai Puteoli, which raised the 
cost of gotxls by requiring their transportation by land for 160 miks, 
or fo anchor at Ostia with its dangerous bar and cramped harbors. 

For most of the distance^ the canal was quite feasible; you recall 
that one already existed parallel to the A p plan Way. Southeast of Tar- 
racing the spurs of the Apennines which come dose tit the sea in sev¬ 
eral places, might have given the engineers some trouble, but the project 
was by no means absurd. 

In 4615, Nero made a grand tour of Greece, While trying to show the 
skeptical Greeks what a fine artist mil cultured Hellene he was. he re¬ 
vived the idea of cutting a canal across tin? Isthmus of Corinth. This 
plan had intrigued not only his uncle Caligula but also several other 
eminent predecessor* like Julius Caesar. 

Again Nero mobilized convicts* deluding 6,000 Jew* captured to 
the Jewish War. just beginning. He himself swung the first mattock and 
carried off the first basketful of dirt, as Ashuthanipid had done in lib 
day. En ^67, however, rumors of plots and revolts at home sent him 
hack to Italy and the digging stopped. 

This canal could perhaps have been completed, to the advantage of 
toipoverisbcd Greece. In 1 ttS 1 a French company, finding Nero's old 
route the bc$L undertook to dig the canal After they gave up, a Greek 
company finished the job in lK^T If it took twelve vears with modern 
machinery, you can set what a job ir would have been for the Romnns- 
The actual quantity of din and rock to be moved was so vast that several 
emperors to succession would have had to work at it_ 

Back in Italy. Nero did not long survive, having alienated the Senate 
by hb murders of Senators, the army by bb pacifism, and all the other 
Romans by his affectation of Greek culture. When revolt burst out in 
Gaul and Spain, the bewildered Nero lost what wits he had but kept to 
the Inst his interest in technical matters. Having summoned the leading 
citizens of Rome to discuss the emergency, "after a brief discussion of 
the Gallic situation, lie devoted the remainder of the to demon¬ 

strating a new type of watcr-OTgait and explaining ihe mechanical com¬ 
plexities of several different models. He even remarked that he would 
have them ins i n I led in the Theater 'if Vindex [one of the rebellious gen¬ 
erals] had no objection/" 
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A few weeks later. Kero had slabbed himself, murmuring: "What an 
artist dies in me!" 1 Whatever Nero’s artistic me fils, if looks as though 
the world also lost a lightly mad bin naturally gifted engineer lltut day. 

Three emperors quickly followed b'efo hul came ro violent ends. 
Then building began again under the competent Vespasianus and con¬ 
tinued under his sons Titus and Domilianus. Making use of cross-vault¬ 
ing on an cnommus scale, ihey built the sinister but awesome Cokisseum, 
as well as temples, baths, and other public buildings. 

After Domitiiinus was murdered in +96, ihe elderly Kerva reigned 
for two years and died, having chosen as his successor Marcus Ulpius 
Traianus-Trajitfl. as wc call him. Trajan, on ujiper-dass provincial of 
mixed Italiau-Spanish descent, was one of ihe ablest Priitcipcv Under 
him, the Empire reached its greatest extent. Nerva, Trajan, and the 
three who followed them (Hadrian, Antoninus Pius, and Marcus 
Aurelius) are sometimes called the Five Good Emperors; the period in 
which they reigned, +96 to was the most prosperous time that 

Rome was ever to know. The Romans them selves became better be¬ 
haved. too. They toned down the wild excesses of the precedlnE two 
centuries and recovered something of their fanner dignity and sobriety. 

Trajan, a mighty builder, employed ApoJtodoros of Damascus as his 
architect. The Romanized Spaniard and the Helknizcd Syrian adorned 
Rome with its finest forum. It lies, abutting the earlier forum of Augus¬ 
tus, 150 yards northwest of the egregious pseudoclussscnl nincteentb- 
century monument to Vittorio Em an tie k f|. 

Entering the foram through a triumphal arch at the south end. one 
found oneself in a paved plaza about 125 yards long and J00 wide, 
with an equestrian statue of Trajan at the center, colonnades around 
the sides, and adjacent buildings that included a library and a market. 
Athwart the forum at the north cod of the plaza stood the Basilica Ulpia, 
a hall for public business. Covering an area 100 by 500 feet, the 
Basilica Ulpia must have looked much like the present church of Saint 
Paul Outside the Wails at Rome. 

If one passed through or around the Basilica Ulpia. one reached a 
smaller open space north of this building, dominated by Trajan’s 300- 
rooi column, which suit exists. A spiral band of reliefs, illustrating 
Trajan's campaign against the Dacians, runs around this column to the 
top. A statue of Saint Paul has taken the place of that of the emperor 
atop the column. 

Finally, at the north end of the forum rose Trajan’s personal temple, 
famed for size and richness Two churches now occupy the site. 

Elsewhere, Trajan and Apoflodoros erected a hath and dug a 
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nnumachm, Another of Trajan's executives* Gams Julius Laccr, erected 
one of the most impressive surviving Roman bridges oeai Alcfimara in 
Spain. On it he proudly inscribed; 

PONTE.VI PERPETY1 MAN5VRVM IN SAECVLA 

meaning "1 have created a bridge that *hati last for the age*."* 

Their Roman contemporaries were even more Impressed by the bridge 
fh.se Apollodorw built for Trajan across the Danube. The purpose of 
thb bridge was to enable the Emperor to conquer the Dariam. who 
lived in what is now Romania. The bridge had twenty piers of squared 
stone* 150 ket high. 60 feet wide, and 170 feet apart. Furthermore, 
these pters were set up where the river was deep and swift, with a muddy 
bottom. 

A relief on Trajan's column shows this bridge. On the stone piers 
were built a series of wooden arches, and {hc*e in turn supported a 
wooden deck. If you will look at Plate XIV, you will sec that, if the 
sculptor who carved the relief was accurate. Apollodoros used diagonal 
bracing in the wooden part of the bridge. As far as I binw h this is the 
first definite cxmnpie of the truss, which depends for its strength on the 
rigidity of throe beams batoned together to form a triangle. 

Trajiin nominated as his successor his younger cousin Publius Adi us 
Hadrianus* who turned out to be the most brilliant of all Roman em¬ 
perors, Hadrian was a writer, poet, wit, musician, artist, architect, crhic T 
phitanihropist, lawyer, diploma!, general, and supreme executive. Think¬ 
ing that the Empire had enrertxtended itself, Hadrian gave up Dacia 
and removed the superstructure of the Danube bridge to discourage jSic 
D acians from raiding into Mocria. 

At first Apollodoros worked under Hadrian with another architect, 
Decrianus, After the latter had moved Nero's statue by means of his 
twenty-four elephants. Apollodoros planned a similar statue of the moon 
goddess. But poor Apollodoroi seems to have been too outspoken for 
bis own good. Hadrian: 

. - , first banished and later put tu death ApoHodtafti, the archil ref b who had 
hull I Ihe various creations of Trajan In Rome-the Innim* the odeum, and 
the gymnasium. The reason assigned was that he had been guilty of some 
misdemeanor; hui the true reason w os that once when Trajan was consulting 
him on some point about the buildings he had said to Hadrian, who had m- 
lerruptcd with wme remark: lE Be off, and draw your gourds. You don't 
understand ihe*e matter*." (J( chanced ihnf Hadrian at the time was pluming 
himself upon uich a drawing,) When he became emperor* fbe?e£ore h he re- 
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m-embcrcd iMi slight and would rvot endure Che miin'a fret-dim of speech He 
an! him the plan of the temple of Venus and Dorati by way of shoeing him 
ihj,i m peat work could be accomplished without hie aid, and asked Apollc*- 
doros whether the proposed structure was satisfactory, The architect m hk 
reply sUtitd, first, m regard lo the lemple. chat ii ought to huve been huilt on 
high ground and that the earth should have been excavated beneath it. vi> chal 
ei might hiive atixid out more conspicuously on ihe Soercd Way from its 
higher posEtiork and nuchi oho have accommodated the niudiln« in Hs base¬ 
ment. sc that they could he pul together unobiefved wid bruuglil into the 
theater without anyone 1 * being iwnre of ihem heiinnehaJKL Secondly, in re¬ 
gard to the Hftioci. he said that they had been muck too tail for the height of 
the cell*. “For now, 11 he said, “if the goddesses wish to get up and go out. 
ibey will be unable to do so,* Whan he wrote this so bluntly to Hadrian, the 
emperot was both vexed xnii exceedingly grieved because he had fallen into a 
mistake That could sot be righted „ and he restrained neither hi* anger nor hri 
grief, hut dew the man. " 

It docs not sound Utc Hadrian, who was usually genial and Tolerant 
of criticism. Moreover, Dio* who tells the tale, had <omc thing of Sue¬ 
tonius' scandalmongcring attitude. And the story b not even self^on- 
aisicflt J But that h all we know of Apollodoros 1 fale. 

Hadrian was The mightiest builder of ail A list of towns and cities 
in which he erected or more buildings would include every place of 
Importance in the Empire, Ef you sec a Roman ruin anywhere around 
the Mediterranean and do not know ns provenance* there i* always an 
excellent chance that it dates from Hadrian’s rciiin. 

To lake a few examples. Hud ruin completed the great Qlypiekm, or 
temple of Olympian Zcns g with which the Athenians had been struggling 
for nearly seven Centura*. Fifteen of its 104 FiTtv-siJtToot Corinthian 
columns stdl stand. Another wa$ blown over by * gale in IS52 and lies, 
its drums lemming slantwise against one another like- fallen dohiiiioc*. 
And it was Hadrian who raised a wall across the north of Britain to 
keep out the wild Piets* 

AbtiEii +1 ffl. Hadrian also buDl at Tthur tirm (modem Tivoli! a villa 
that was practically a small city. It stretched out over *evcn miles of 
rolling bnd and Included replicas of the most interesting monuments 
that Hadron had wen in hta travels. 

So vo$l and populous was Hadrian fc $ villa that Hadrian was hard pul 
to it to ^nd a tittle seclusion To solve litis problem, he dug a pond in 
the center of one of the villa's many courtyards. In the center of this 
lake rest: a tiny island on which stood a marble pavilion cunt j ini rig a 
single joatTL When ihc emperar creased the few feet of bridge to his 
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island, i«jbody-flOt ewa a Parthian ambassador with an ultimatum— 
might disturb him. 

Hadrian 1 is niosi edeb rated work was die rebuildsne ol the Pantheon, 
fij place til Agrippa’s building, Hadrian erected a rotunda capped by a 
huge dome of con Crete, 144 feet in diameter. with a circular opening or 
eye ifl its center. Thh don;? still stands, soaring high above the patented 
marble pavement of the interior. Barring earthquakes and nuclear war$ t 
it may stand for many centuries yet, showing the world wfiut Roman 
engineers could do. 

None of the Romm emperors after Hadrian was outstanding as an 
engineer Sonic did build spectacular buildings, like die baths of Cara- 
qalb and Diocletian and the circus of M&xenthifl* The later emperors, 
however, became too involved in fighting off barbarian raids, suppressing 
revolts, and keeping their Own soldiers from murdering them to have 
much time for building. 

Roman engineering, though vigorous and progressive for mmy cen¬ 
turies, was almost entirely civD engineering : building baths, bridges* 
lighthouses, and other static structures. The Romans never bothered 
much with mechanics, save where hoists and similar devices helped ihem 
to erect their public works. The reason is easy enough to sec, Roman 
society was so* organized that a leader could gel glory by building & bath 
or other public work. But to tinker with gearing, as the Ale xandri a n 
engineers did, would have been deemed merely eccentric. 

Meanwhile, however, other technical developments not directly con¬ 
nected wish Rome and its government, bad been taking place around 
the Mediterranean and In adjacent lands. 

One such non-Roman development was the wine press. Tn early rimes* 
the juice was squeezed from gropes by trampling them- Later, the gropes 
were pur in a bag sod squeezed The pres* consisted of a beam pivoted 
at one end. When the wine makers chinned themselves on the other end 
of the beam, or hung weights on it, or pulled it down by u block and 
tackle, the bag of crapes was crushed. 

In Roman times a belter press appeared the screw prosit with a 
capstan for turning she screw. The screw bad been invented some time 
in —TV or “Hi. Out screws were never very common in antiquity. There 
were no screw-cutting machines, except for a simple device, described 
by the engineer Heron of Alexandria (T1). for cutting female screw 
threads. Therefore all screw threads, or at least all male screw threads, 
had to be laboriously cm and filed by hand. 

Plinius, writing in the -b7Gs* says that Ibe screw press was a Greek in- 
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vent ion. made within a century of his own time. In the ruins of Her- 
cular.. ;ini was found a clothes press thai worked on the same principle. 

As I'iinius ts one of our main sources on ancient technology, he merits 
a few words Cuius Plinius See and us (—23 to +79). called “Pliny the 
Bidet to distinguish him front his literary nephew of the same came, 
was a*' ithcr of those keen, indomitable, and indefatigable Roman civil 
aervanh of the stamp of Agrtppa and Frontinus, who kept the Empire 
going despite the Caligula* and Ncnos. He served as a cavalry officer in 
Germany, practiced as a lawyer, held various colonial posts, and ended 
his life os an admiral. A man of boundless curiosity and limitless energy, 
he had a slave read to him or take dictation white he bathed or ate, lest 
he waste a minute. 

The only surviving one nf his seven works, his Natural History, is the 
oldest existing encyclopedia, It was intended as a description of “nature , 11 
meaning everything not man-made or artificial, Ptinius, however, in¬ 
cluded several categories of man-made things like inventions and works 
of art, His coverage is enormous but very superficial; he collected facts 
as a magpie does nest ornaments. 

Although PliniLLs scofled at Greek writers t whom hr nevertheless used 
for siiurocs t as credulous liars, he trad little critical sense himsdl. Hence, 
while he tried to distinguish between fact and legend, he never came 
near to doing so. However, we can be thankful for the many facts he 
preserved, without being forced to believe, tis he did, that an elephant 
could be taught to write, that the tooth of a hyena caught when the moon 
is in Gemini b a good ghost repcllaot, and that there dwelt in India a 
race of men without mouths, who subsisted fay smelling flowers. 

Even so, Plinius was sometimes right when his critics w'erc wrong. 
The only readily available complete version of Pint ins in English is that 
which Rostock and Riiey translated a little over a hundred years ago, 
and which was published in London. In this edition, where P lini us says: 
“Indeed, it is generally admitted that all water is more wholesome when 
it has been boded,’’' the translators slate in a footnote: “This is not at 
all the opinion at the present day.'’ Only a decade after this note was 
published, the discoveries of Pasteur about the bacterial nature of disease 
and of Lister about asepsis proved that Plinius had been right after all, 

Plinius died m he lived, seeking more facts, to -79 Vesuvius erupted, 
burying Pompeii under a rain of la pi I fi— lumps of volcanic ash-and 
Herculaneum under a landslide of boiling mud, Plinius, stationed with 
the fleet at the western tip of tN Bay of Naples, ordered out the ships 
to rescue the fugitives. He himself prepared to rake a ship across the 
bay to Siabiae, dose tu the volcano, and asked hi* nephew if be would 
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like to crnic along. He received an astonishing answeri ai the younger 
Plioius tells 11; 

“I replied that I would rather study; and, as it happened, he had him¬ 
self given me a theme for ccmposttiOT-^ 

Whoever heard of a youth of seventeen preferring to study under 
those conditions? It's denarii to doughnuts, that iht boy was simply 
seared. 

At Stated, PHnitis puffed his way up to the villa of a friend, whence 
he had a good view of the eruption. He would not have missed such a 
phenomenon for anything. Unperturbed, he bathed, dined, and napped 
until the mitt of hpiUi became so threatening that all resolved to flee. 

To avoid being brained hy lumps of lava, Piinius, with perfect sdf- 
posse^ssoo, directed those with him to tie pillows over their heads with 
scarves. So armored they set nut, But, while waiting to embark, PHnlus 
suddenly fell dead. He was fat, asthmatic, and in liis Jilties* and ail 
ihte scrambling about through a rain of volcanic debris had been too 
much for kb heart. 

You will recall from the story of Hellenistic engineering ihat PfiiTon 
of Byzantium (—11) men I ioned water wheels. He describes overshot 
wheels, which are merely parts of his puppet shows, to move his figu¬ 
rines and make hit little bronze birds seem to twitter. But he also de¬ 
scribes a practical undent hoi water wheel with a circle of paddles and a 
bucket chain for raising water. 

Since Phi Ion hints that wat:er-whcd designs other than his own were 
in use. he was probahtV not the original inventor of the water wheel; but 
we cannot tell what improvements, if any, he effected. Ancient engineer' 
ing writers, in describing a machine, often neglected to distinguish be¬ 
tween their own inventions and those of others, or between a mechanism 
I hat had actual I v been built and made to work and one ihat existed on 
papyrus only, therefore we cannot often tell whether they invented a 
panicular device or merely described what they had seen or heard of. 

In any case* towards the end of the Roman Republic, the water wheel 
Came into general use It was adapted to two tasks, which fur thousand* 
of years had used up many millions of wearisome hours of human 
labor. One wus raising water Swapcs, bucket charm, and the Archi¬ 
medean screw were already known for some Lime before it occurred to 
anybody to use the force of the current to lift the w ater. 

Several wheel-shaped device* were developed for hoisting water. One, 
because of its shape, is called I he tympanum nr drum. U bus holes 
around the outside to tut water in, while ihc inside is divided by spiral 
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partitions As the tympanum turns, tbc water In each section is raised 
until it runs out a hole in (he huh. Such drums arc still used in Egypt. 

Another kind ol water hoist h^s .! verier of buckets around the rim. 
These buckets pick up water at the bottom of their journey and dump 
it out at the top. 

All these water-hoisting devices could be worked by human or animal 
power, and many suit arc. But, some time in -II or early —!. they were 
combined with a paddle wheel by which the energy ol (lie stream was 
transferred to the hoist. The combination of an undershot water wheel 
with a water-hoisting wheel is called a noria, from the Arabic w’&nth. 
Vitruvius described a tympanum, a bucket wheel, a bucket chain, and 
an Archimedean screw', dl powered cither by tread wheels or by paddle 
wheels. 

The ol her task to which running water was put was milling. Through¬ 
out the ancient empires, bread was the principal food. To make it. wheat 
or barky grim bad to be ground into flour At Erst tbc grain was pain¬ 
fully pounded w ith a pestle in a mortar, us you can still see dune to 
Central Alrica. 

Al a later time, the-’ grain was ground between two flat atones, one 
of which was pushed back -ind fonh over the oilier. With such a mill. 
One person—usually j stave girl-could grind each day only enough grain 
to make bread for eight people, Hence, in a large household, several 
such women would have to spend their entire day at the weary task of 
pushing and pulling the upper millstone. The two ever-present sounds 
of ancient households were the cluck of the loom and the grate of the 
hand mill. 

Id classical times, several improvements were mnde in litis simple 
mills lone, One was the lever mill, in which the upper stnne wm fastened 
to a beam, pinned at one end <nd free to move at the either. The opera¬ 
te'r, pushing _ind pulling on the free end of the beam worked the upper 
stone back and forth ov\r an are-shaped course There were also roller 
mills, hut the roller proved unsuitable for grain, although it worked 
well in crushing olives for their oil. 

A further advance was to make the millstones circular, so dial the 
upper stone was pivoted at its center on the lower and could he turned 
Completely around. Spokes projecting from the upper none enabled the 
operator to rotate the upper stone either back and forth or, as taler 
became customary, round and round. 

The history of the rotary hand mill or tgurm is very obscure. The 
earliest rotary milh may go back More —1000, hut ihc people who 
made them saw no reason u> inscribe dates on them. 
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tfclkoiflft and Raman rotury mills finally took the form of The hour¬ 
glass mill. While the lower stone was conkuL the upper was cylindrical. 
This eyiiTuJrkat slmte was hollowed out to fit the cone b*km and had 
a similar ccrnc-shapcd hollow above, into which Lhe grain was fed. An 
adjustable wooden pivot made it possible to regulate the cfcanuCT be¬ 
tween the stones and thus to grind the grain to the desiied fineness. The 
hourglass mills at Pompeii were huge affairs bj feet high, weighing 
hundreds of pounds* 




JhO>£ 

Fig. 12. Crosi-iccliod of » Pompeiian hourgtoss in ill* restored. 


Capstan spokes, projecting horfoottially, mark it possible to turn the 
upper stone, These stones were usually turned either by an ass walking 
the end of a boom around, or by slave* or free workers of the poorest 
class, push mg the capstan bars. Apufeius i+ilj describes these un¬ 
fortunates: 


Good iioriv. whal a tort of poor slaves were there: icme tmd their skin 
bruited 4U over black and blue, some had their back* striped wnh 1 ashes md 
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frcre but covered taX her than dm tad with tom mgs, some had their member* 
htiidcti by a narrow cloth, all wore arch ragged clouts that you ought perceive 
through itain alt their naked hodiev, urns were marked and burned in the 
forehead wilh hoi imrn, some had their hair half dipped, jomr had shackles 
on itair legs, ugly and ill favored, imne could scarce we, ihcir eye* and faces 
k> black and dim with smoke, their eyelids ail cankered wilh ibe durkness of 
that necking place, half blind and sprinkled blftdt and white with dirty flour 
marks like bcuer* who tight together bdoulcti wilil sand . 10 

Apukius was one of the very few Romans to show any concern over 
the plight of these wretches. When you hear somebody apologizing lor 
slavery, whether in the oki American South or m modern Arabia, and 
^sitting you that the slave was not really so badly off, remember 
Apufeius* wx>rds. 

One would think that an ass, being stronger than a man and cheaper 
to feed, would have been preferred to even the cheapest slaved How¬ 
ever* classical harness was so inefficient that ja strangled the animal 
when j( tried to pull really hard, and the boom to which the ass was 
attached was so short ihax the beast wasted much of its effort in turning. 
Therefore the cost of powering j wSB by slaves or by asses was about 
the same. 

Two further developmeats grew out of the use of the rotary grist 
nttlL one economic and the other technical. With the rotary mill it be¬ 
came profitable to mill grain profess lutiiiHy on 4 large scale. Thus the 
professional miller, first seen in Egypt about —1500, appeared fill over 
the civilized world in Hellenistic times. Close behind him came the pro¬ 
fessional b^ker. Hint recorded in Rome about +170: 


Ttare were no takers nt kn me down to the war with King Pereeus fof 
Macedonia 1, mtr 580 year* after the founds lion of the city. The citizens 
uved to make bread tboradvei, and ibis w** especially the task of the women, 
it h even now in must nations.” 

In classical times, the business of milling and baking were usually 
combined in one shop. However, small domestic hand mills continued 
in use. even in she most civilized lands, fm many centuries. 

The technical development dial sprang from the rotary mill was the 
in^nuon of the crank. The ancient world knew the capstan and tta 
wtndljm, which may be described as wheels with spoke* bui no rims, 
ihc former having its shaft vertical and the latter Its shall horizontal 
In each cns: r however, ihe spokes by which men turned the mechanism 
radiated out from the hub. 
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By providing one of these spokes with a handle at right angles to the 
spoke and parallel to the shaft, a crank is made For many applications* 
crank motion is a more efficient way of transraitliiig power than the 
capstan and the windlass. 

Crank motion first appeared in querns, among people whn stiH 
ground their grain at home. The quern maker drilled a vertical hole 
near the edge of the upper stone and stuck a peg in the hole. The 
operator couitl then spin the upper stone round and round mure easily 
than she could with radial spokes, where she had to change her grip 
with every revolution, in fact, she could turn out about a bushel of 
Hour a day-twelve times as much as before. The first such mills may 
go back to —IX in Syria, and crank-opcratcd querns appeared here and 
there in the civilized world in Hellenistic times. 

It took many centuries, though* for mechanics to adapt the crank 
mechanism to machines of other kind*. The only positive evidence of 
such cranks, before the Middle Ayes, comes from the bilge pump of 
Lake Metri f+I), the medical writings of Greibusios r HY) t and the 
sketch In die Utrecht Psalter ( - IX) , whereof j told you In Chapter Five. 

The next stride toward* the a^c of power machinery was to combine 
the notary mill with the water wheel, making a water mill. The earliest 
allusions to the water mill go back to early —I* Straboo mentions that: 
"to was at Kahcira (hat rhe palace of Mithridaics [the Great of Pontus, 
—132 to -63] was builr. and also the water milt * * And a poet, 
Anti put ros of Thcssiilonlka, wrote; 

Hohi back your hands from the mill, 0 maids of the grindstone; dumber 
Longer, e'en though tbe crowing ot cocks announces (he morning. 

DerncterX ordered her nymphs to perform your hands' former tabors. 

Down un the top of the wheel. Ebe spirits of water are leaping* 

Turning the axle and with it the spoken of the wheel tfiui b whirling* 

Therewith spuming the heavy and hollow Nisynan millstones, 1 * 

There are two simple wav'* t o tisakt a water mill. Obviously, ihe ordi¬ 
nary paddle wheel cannot be directly connected to a millstone, because 
the paddle wheel has its rim vertical and its shaft horizontal, whereas 
the milkmnc has its rim horizontal and its shaft vertical 

One kind of water mill, the horizontal mill, has a vertical shaft with 
horizontal paddles on the lower end. The shaft parses up through a hole 
in the lower millstone and is fastened to the upper miUstone by a wooden 
Crosspiece. Wheel, shaft, and upper mi intone revolve Together as water 
Is squirted from a trough or nozzle at the paddles. 
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Although ii is cht-ap and easy lu build, a mill of ihb klxid has no 
^ftat power Sinctf tht* millstone turns slowly* %uch 3 mill will ju^i about 
grind enough Sour for one family. Mofvovcr, it requires a suid! amount 
of water at high velocity. Therefore it is useful only in inotintainous 
regions^ where small, steep, swift streams are found 


\ FT*. 1 3 r Whed ^hafi of a nie- 
\ dieval himiDoiat wafer wheel Inured 
at Dpumriillogh, Ireland Untm the 
Ulster Journal of Archaeology, 
18S6 t No. 6). 



In another form of milL the stream works an ordinary paddle wheel 
of the noria type. Hie horizontal shufi of this wheel is connected to the 
wilieal shaft td ihe mill by gears at right angles. Vitruvius describe* 
the geared mill, which we call the Vitruviau mill in his honor: 

Mill *hrefs art turned on the same principle, except that ai one end of the 
, e J * Ioo[ hnl drum is fixed. This is placed vertically on its edge and cumi 
wMh the water wheel. Adjoining dm larger wheel there a a second toothed 
wheel which is placed horizontally by which It is gripped. Thus the teeth of 
the drum which is on the axle, by driving the teeth of the horizontal dram. 
cau« ilw grinditufles to revolve, [ n ihe machine hopper is suspended and 
suppufe the grain, anil by sta irntw rcvuSuiron (be flow ta produced. 1 * 

to make <.uch gears work required an advance in engineering over 
that needed for lire cogwheels of Kursibios water docks and the An- 
tifcythera machine. In the clocks, the gears had to transmit but little 
load Other than lti.it of the friction of ihe machine itself, tn the mil], on 
the other hand, the gears had to transmit a heavy load at high spml for 
long periods of time, so that any weaknesses in the design would at one* 
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Fir. 14- Diagram of a Vifruviaii wnipr mill; undcr^hnt water wheel on ihe 
lc ft, nnM ^ojic on I he upper n$hi {trim l . Berk; ttor/age zm Gesctuchir dc* 
Ma^hincnbiiues* /yfJO)* 

transpire- It took centuries of experiment with water mills to find the 
mom efficient gear positions, sizes, and ration* 

By ^|V t water power in Gaul had been applied not only to milling 
but »J&o io sawing, as is shown by the verses of the GaUs-Roman poet, 
Deehnus Magnus AusoEtius: 


Thee, swift CcIWv a ml thee Enttuv, for marble illictriom. 

Hurry wiiti wrvile hmte yuiit waters forth with U? mmtjc: 

CdbU renimned for glorious fishes, when** iH companion 
Whifling the milktonct that grind the stain with rapid rotation*, and 
Shrkfcjnpjy drawing the saw* through die glassy masses of marble* 

Hears from one bank to the other a din that is strident and ceaseless, 1 * 

Ip kite Roman limes, ihe cit> of Rome gof its flour from a kiNdty 
°f water nulls on the EanicuKim Hill, where the Vatican now standi 
In the siege of +537, Wifttgls* Goths broke the aqueducts and thus put 
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these milk out of action. To avert starvation, the Byzantine general 
Bel i san us; 

* * . tastem'd rope* from the two bank* of tbr river and stretched them m 
tight ai he could, and then attached to them two bouts tide by aide and two 
feet apart, where the flow of the uaier comes down from the arch of the 
bridge with the greatest force, and plftctaf two milk on either boat. he hung 
between them the mechanism by which mills arc customarily turned. And 
below this be fastened other boats, each attached to the one next behind id 
onfer, and he set the writer-wheels between them in the same manner for s 
great distance. So by the force of the river all the w heeb, one niter the other, 
were made to revolve independently, and ihus they worked the mills with 
which they were connected and ground sttffiricnl Hour for the dty. jQ 

The Goths attempted to wreck the mOEs by throwing logs and corpses 
into ihe Tiber above the city for the current to curry down. Bui the rt- 
sourcefu] Belkarius thwarted this attempt by stretching chain? across 
the river and detailing men to remove homing object.* from the water 
as fast as they were carried down against the chains. 

Evidently, at this Time, water milk had more or less completely re¬ 
placed mills of other kinds at Rome, or the city would not have been 
in such a desperate plight when the water milk were stopped- Further- 
more, Procopius’ tale of BcFsaritis' floating milk is one of ihe very few 
undent accounts of the actual birch of a new invention 

A paddle wheel of the itoria type, Tike that used m the Viltuvhn 
mill is called an undershot wheel Although inefficient, it is useful where 
the stream is targe but sluggish. A more efficient water wheel is the 
overshot wheel, where water is poured into bucket* at the top and spilled 
out at the bottom. For an overshot wheel however, there must be a fall 
of water at least equal to chc height of the wheel 

Water wheels of all three types—horizontal undershot, and overshot 
—may have come into practical use in law —H or early —I, However, 
the undershot wheel-the paddte wheel in reverse—is the only full-sized 
wheel whereof a description has survived from pre-Christian times. A 
mill of ahoy i ^-7W near A relate (modern Arles* France) was powered 
by siitccn wheels, probably ovenhol, .4bo, an Irish manuscript, the 
R**ok t?f Scrtchm Mur, tells of horizon id wntci mills in Ireland in the 
lime of S'linl Patrick f+V). 

Probably the overshot and horizontal w heels were not described unifl 
some lime after they were invented, because ihey wore only used in 
mourn amotis eoumry. Therefore they e^pcii the notice of literary men* 
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most of whom wrote in the gleaming cities of broad plains itid level 
seacoasts* where such mills were dot io be found- 

In Roman limes, a number of new materials and subsfaiKes came 
into ust Window glass we know about, Wire cable appeared; a 15-foot 
length of bronze wire cable, an inch in circumference, was found at 
Pompeii. 

Another discovery was brass, the alloy of copper and zinc. If we cun 
mm the pseudo-Aristotelian [realise On Wonderful Thing* Heard- a 
collection of jottings by a lutcr member of [he Lyceum* some factual 
and others seIIy— brass was first made by the Mo$$ynoikot t a people of 
Asia Minors 

They say that the copper of ihe Mossynolkol is shiny and white, noi because 
tin is miaed with it, hot because a certain earth is combined and molten with 
IL» 

The “certain earth M was noi metallic dnc. This metal was not dis¬ 
covered noli! -HXVL when Ptoacdsvs named it Ztnken The ^euith 1 wus 
the ore* zinc carbonate and zinc silicate, both culled k, ca!araiue” In 
add hi am brass was also made with cud mill or zinc oxide, which some¬ 
times. occurs as a deposit on the top of a copper-smelting furnace, mined 
with other metallic os ides evaporated and recendeiised near the vents.. 

Good brass Is as strong as brunzCg easier to work, and prettier. If 
the zinc comprises about 20 per cent of the total* the brass looks much 
like gold Hence It was long regarded us a precious me tat; Darius the 
Great treasured q brazen cup. When Pluto wished to show the wealth 
of his fictional Allan leans, he credited them with lavish use of &rei- 
thalkott. “mount dn copper/* by which he piobahly meant brass. 

Knowledge of brass became part of a body of doctrine that 
in the eastern Mediterranean, especially in Alexandria, in late Hidtcuhiic 
and Roman times. This body of doctrine, afterwards called by the Ara¬ 
bic name of alchemy* was she forerunner of chemistry. It had four main 
sources: 

Firstly, ihe old Egyptian art of nuikfng imitations of gems and pre¬ 
cious met Li It for jewelry. When colored glass was first substituted for 
getmtones. this was not a “cheap" imimitafi; for. when ihe making of 
glass Weis in its infancy, glass was a rare and pnxkne substance, and 
the gjass gems w ere almost as costly as natural one* 

It was the same with the metuis, To the ancients* whose ideas about 
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dements were wry different from ounv, a metal that looked like paid was 
considered a kind of gold. Brass was one expensive e rsatz gold; nsotfasr 
was an alloy of silver, arsenk, and sulfur. Egyptian craftsmen also 
learned to pktc or coat the cheaper metals w ids costlier ones. 

In fact* some oriental craftsmen may have gone further than that. 
In 1936i at Khujut Rnbu*a near Baghdad, was found a small pottery jar* 
about 5| inches high and 3jj inches in diameter, inside was a cylinder 
of thin copper, closed by an asphalt ping. Inside the cylinder was a 
rusted iron rod. 

Similar jars, without the metal cylinders and rods, had been found 
at the mins of Se It ucia-on- the-Tigjis^ twenty-four miles below Baghdad. 
Three larger jars containing respectively ten copper cylinders, ten iron 
rods, and ten asphalt plugs, not yet assembled as in the Khujut Etabuk 
jar, turned up at Ctcsipbon* across the Tigris from Sekucia, 1 * 

All these objects date approximately from Roman Imperial times* 
The only use that anybody has been able to conceive for them is as 
battciy cells for electroplating small metal objects with gold. 

It has also transpired that the silversmiths of Baghdad, within the 
present century^ used y similar apparatus for gold-plating their works. 
Those who knew about this method long assumed that die silversmith* 
had learned their electroplating from western sources. Although ar- 
cheotogkt* are not yet agreed about the my&tcriou* j^rs. we must at 
k<TSt consider the strange possibility that elect ropLsiing was discovered 
in Iraq in ancient times: that, despite the ravages of the Mongols in 
-hXIIl, this technique survived down to the present century: and that, 
nevertheless, it failed to spread to other bads, presumably because the 
metal worker kept it secret. 

A second source of alchemy consists at the Greek speculations about 
the nature of matter. The most indue final ideas were Empedoktes’ theory 
that all matter was crude of four dement*—earsh. air, fire, and water 
—and Aristotle'* assertion that these dements could change, one into the 
other. 

The third source of alchemy was an idea developed by the Daiilat 
Cot raobt) philosophers of China, (hoi a man's life could be prolonged 
indefinitely by an elixir made of rare substances like powdered gold 
One Chinese emperor is said to hove died as a result of drinking such 
a concoction. This idea seeped over the trade routes of Central Asia in 
late Hellenistic or curly Roman imperial times, to be picked up by lhc 
early alchemists and added lo their stock of lore. 

The final source of alchemy was a cloudy mass of mystical, magical 
doctrine—a conglomeration of myth and Legend, cosmic specula lion 
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petty superstition* the pretensions of priests and the mummeries of medi¬ 
cine men. which in early societies foe divine wtttlozm A gtt&i 

surge of supernatural ism. which rook place under the Romim Empsre K 
spilled over into science .md teehnologv J.t hdped to spread and dignify 
astrology* and it containmated ifw budding science of chemistry until 1 it 
could hardly be recognized as a science at all 

As with astronomy and astrology, nobody in those days distinguished 
between alchemy and chemistry. We know enough today to wU the 
science from the pseudo-science „ but the ancient* drew no such distinc¬ 
tion To them there was just one science, mo*J of whose practitioners 
insisted that prayers, incantations, pad the use of bizarre ingredient* 
and unintelligible direction! were all necessary p-tns of sound scientific 
procedure, 

Somd early alchemists wrote treatise* that survive. One, that ol BoiOi 
of Mender may go bad sts far at —300* The others, probably, all be¬ 
long to ihf ChristUrn tnu Some were written under the name of Hermes. 
Trismeglstus. a combination of the Greek messenger-god Heroics with 
the ibis-beaded Egyptian god of wisdom. Dchuti or Thoth, transformed 
by legend into j. mortal king of Egypt who reigned before the Baud 
and wrote 36,525 book* on alchemy- 

Other works were attributed ro divinities like bis and AgaAodaimcm, 
or to Moses, King Solomon* Ottamas, Qemokritos, and Cleopatra, none 
of whom had anything to do with alchemy However* names of real 
alchemists like Komanos and Mary the Jewess nbo appear. Mary the 
Jewess seems to have made significant chemical discoveries and to have 
Invented the still. At leasl, she was the tirsi to describe one. This in¬ 
vention in turn led to the discflvdy of alcohol in ihe days of the Cal¬ 
iphate, 

Whik some of these early alchemists made practical discoveries, most 
of them soon wandered off into the scaroh for picturesque nonentities* 
especially the Philosophers Stone This substance* usually described as 
a red powder* could transform a million times its own weight of base 
metal into gold or, if its qunliry was not quite up to specification*., into 
silver. It could be dissolved in alcohol ro make ihe thxir vitae, the Stair 
of Life, whereby the alchemist could cun? all ills, rejuvenate his aging 
body, and prolong his life. Some sought ihc alkahest or universal sol¬ 
vent; though a few had the wit to ask: if you found h, what would you 
keep it in? 

Moreover, the intense supr naturalism of Une Roman times caused 
the alchemists so to confound their chemical procedures with magical 
rites that discoveries on the material plane became almost impossible. 
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Beside?, a fast far secrecy and a love ot ratification led them to write 
tn m obscure and shapeless symbolism. One of these works, aboui ihe 
tail-biting serpent Otiroboros fan old Egyptian magical symbol) says: 

A serpent is stretched out guarding the temple Lcl hk conqueror begin 
by sacrifice, thru skirt him, and after having removed hi? flesh to the very 
bontv make a stepping stone of it to enter ihe temple. Mount upon it and 
yon will find the pb|ccl sought. For the priest. At first a man of copper* ha* 
changed hh color ami nature and become a mao of silver; n few days taler, 
if you wiih + you will find him changed into a man of gokL 1 * 

Alchemy flourished in the Byzantine Empire, the Caliphate, and 
medieval Europe. Its obscurity became more opaque and its magical 
content larger until one school of modem students has Jidd that the 
alchemists were not after vulgar gold ot all* but spmuuil eulEghieament. 
union with God, or some such lofty goal. 

Doubtless some alchemists were of this son. Some were pbin faker? 
and swindlers, while others were professional organizers of secret so¬ 
cieties, seeking neither Philosophers Stones nor spiritual perfection but 
yearly dues. These last, under the mmc of Roh crucians* we sxill have 
with us. 

Most of the alchemists, however* really did busy themselves with re¬ 
torts and alembics They did try to make gold, until they ran out of 
money or gullible backers, or perished from breathing too much mer¬ 
cury vapor. 

Scientific chemistry dkl not separate itself from alchemy until TXVI 
and -hXVlb Chemistry was slower than most sciences to free itself 
from pscudo^teniifac associations. The reason is that ihe laws of cbem- 
istry are so complex and interdependent that, in formulating these taw**, 
one must hit upon the right scheme almost all at once- instead of pro¬ 
ceeding hi normal scientific fashion from ihe simpler problems to ihe 
more complex. 

Moreover, chemistry concerns th^ behavior of atoms and molecules. 
Since one cannot see atoms and molecules, one must infer their existence 
and behavior from other facts, and it takes much t™l and error to gel 
such infer™** righi. SUM. despite the luck of sound science in most 
okhcmy t it was, perhaps, a stage through which chemistry bad to go, 
just a* an appalling child some lime* grows up to become an admirable 
adulL 

Besides the worts of Vitruvius and PI mins* several engineering trea¬ 
tises in Greek have come down from Roman times. One k a book on 
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mechanics by Alfceiuiios (called Mt'chamkos to distinguish him fnisn 
the better-known Athctuiios of Naukratis, smbtw of the literary mis¬ 
cellany Oeipn<‘v>phiitai, “"[Tie Dining Professors*'!. Aihcnaios the Me¬ 
chanic used some of the same sources as Vitruvius, as a comparison 
of their works makes dear. As neither mentions the other, they may 
well have been contemporaries, 

Atheiukjs discusses siege engines: sambveae, Hying bridges, rams, 
tortoises, bdlrics, and combinations of these. He also discusses the pos¬ 
sibility of mounting some of these engines on ships, as Marcellos had 
done at Syracuse. 

Most of this add*, hut little to what Vitruvius and Philon had already 
said. However, Alhcnaios does propose one new idea: a three-wheeled 
belfry in which the from wheel of the tricycle is mounted on a post 
that can be rotated by a steering tope. So far so good; but then Athc- 
naies winds iJiis tope around a drum on the main axle, so that, in near¬ 
ing a hostile wail, the belfry shall follow a zigzag course as the front 
wheel of iht: tricycle turn 1 ! round and round, to disturb the foe’s aim. 

PraeticuJJy speaking, the idea is absurd. Still, dlls is the first known 
attempt at a steering wheel. 

From ibc following century. +1. comes the work of the ablest techni¬ 
cal writer of antiquity: Heron of Alexandria. He date was long un¬ 
certain, This uncertainty was deepened by the fact that, in his work on 
catapults, this man gave his name as “Heron Ktesibiou." 

Now. KiaibiOU means “of Ktesibios." Following normal Creek Usage, 
the whole name would mean “Heron the son of Ktesibios," But the 
famous Ktesibios, the clock-an d-organ man, lived in early —111, and 
Heron was certainly later than that. In fact lie describes an eclipse of 
the moon, and the only eclipse that fits his description was that of 4-63, 

That leaves unexplained the term “of Ktesibios ” Perhaps Heron used 
the term in the unusual sense of being & follower of Ktesibios or an 
heir to his tradition. Perhaps his father was another Ktesibios. Perhaps 
this father was descended from ihc original Ktesibios. Maybe there wits 
a whole family in which, in accordance with the usual Greek and Per¬ 
sian custom, the eldest sons were named for their fat hers’ fathers, so 
that they were called alternately Ktesibios and Heron for several gen¬ 
erations. Perhaps the family held some hereditary post of Chief Me¬ 
chanic in the Museum. , . , But nil this is gucsiwoik; we may never 
know, 

Heron’s engineering works comprised Mechanic*, Pneumatics, Stt$c- 
eruft, Autumaton-making , and The Surveyor - ' Transit He also wrote a 
geometry' book, Measurement, and an optical work, Mirrors, Their are 
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fragments of another malheinritical work, of a fc*ook on wafer docks, 
and of a technical glossary, Some of these works have disappeared io 
the original Greek and exist only in Arable or Latin Iran*!aliens. 

Heron’s Mechanics is mainly concerned with mechanical advantage. 
He describes ihe various means foj obtaining ihh advantai?£—ite wind¬ 
lass, die lever. the compound pulley, ilic wedge, the worm, and she gear 
train—and shows how they can be combined. Being a skilled mathe¬ 
matician he shows how-, with such a device, the force applied and the 
distance moved vary inversely according to media meal advantage- In 
fact. Heron comes dose to discovering the modem technical concept of 
"wnrk M (= force x distance 1, He also describes cttacs, methods of rac¬ 
ing large building stones by means of tongs and keys, and screw presses 
of the kinds mentioned by hh contemporary FI in [us. 

Heron’s Siegecraft iBebpahka) tells about several designs for cata¬ 
pults. Doc rs The crossbow; ihc cl hers are conventional dart and stone 
throwers Heron gives details of parts like the shackles that held the 
teminn skeins in place, which we might not otherwise know about. Ex¬ 
plaining that, wiLh a very large stone thrower* ihe slide is too heavy to 
be pul Ted forward to the loading position by hand after each shot, he 
provides a second wrndbss to maite this easy. 

His Semryffl^r Trajixii (Dioptra) describes a more sophisticated In¬ 
strument than the Roman gioma. On the pedestal is mounted a de¬ 
tachable sibling lable^ with worm gear* for adjusting ihc table about 
the vertical aud horizontal a xc> fhls part could be removed and re¬ 
placed by a water level, having at each end a Bute glim cylinder in which 
the water rises to the level of an eye slit in a bronze plate. Heron also 
provided leveling po&is to sight on. with plumb bobs for setting them 
Vertical and sighting disks hoisted up and down by pulleys. These posts 
looked much like modem stadia rods. 

Heron s surveying system docs not seem to have come into use. tE was 
probably too far ahead of ha time. There were not enough mechanics 
with the skill needed to make sc? advanced an insmnnem m the dlopiru. 

Heroo's best-known work is bin Pnevtmmcs. He begins with a dis¬ 
cussion of theory* which be probably took from Sira ion. Heron not 
only understands the compressibility of *fr # but he has also weighed fuel 
before ami after burning and has come close to tinder landing the na¬ 
ture of com bullion. 

In the main part of ihc work. Heron describes many gadgets like 
(bo* *«i forth by Philofi and Ktcsibios and tells of other* besides. Even 
when the main idea of the device is old, Heron likes to arrange thing* 
to im own original way. Many of his devices are worked by ripbons and 
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air tubes. A pitcher pours only when ihe linger h removed from an 
air bole; another pitcher mixes wmc and wilier id the desired propor¬ 
tions, “there are also displays of automata: Heraklc* slaying a dragon, 
bronze birds that twitter, and bronze beasts that drink on command 

Some of Heron'* inventions ,ccm k? have been for ihe bendit at the 
pries i hoods of Alexandria, to cnabk them to awe their worshipers. In 
one, the fire of a bum! offering causes air to expand in a tank. lor uni! 
water out into a bucket who*e descent cause* temple doors to open In 
another, opening j temple dwr makes a trumpet tool. 

A combination of vessels and siphons apparently turns water into 
wine, as an older contemporary of Heron is alleged to have done at 
Cana in Galilee, The biblical incident is probably based upon tales of 
Heron's magical device, Just us the story of Joseph and the seven lean 
years Is derived from the Egyptian legend of King Joser, his minister 
Imhotep, ami the god Khmim. and die story of Mose» > purring the Red 
Sea goes hack to the old Egyptian talc of King Scnderu, his wizard 
Jajunuifikh, and the lost bangle* 

Another example of Heron's sacred sleight-of-hand is the original 
Coln-ici-a-skR device, combined with a holy-water dispenser. Tt is baldly 
labeled: ^Sacrificial Vessel which flows only when Money is intro¬ 
duced/" Heron's Mirrors gives direction- for making spook* appear by 
means of mirror*. Anybody *1^ useful as Heron was to the crafty priest¬ 
hoods of Alexandria, with their purifying hrorui wheels, their ever¬ 
burning lamps with asbestos wicks, and their splrit-retkeiing mirrors, 
rtstm ha%c done right well by himself. He must also have contributed 
to the great wave of supcmatur&iism that tlnalfiy killed Roman science. 



Ffe. iS+ CoinTiMhe-sioi holy- 
waler dispenser, designed by Heron 
at .Alexandria (from Woodcrafts 
edition &} Hewn* Pneuimiks)^ 
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Fig, M- Heron's wind-powered pipe organ ( Wo&dcrvft)* 


Heron abo shows more useful devices. He understands the check 
vulve and the tloat valve, such us Is used in a modem water closet. He 
describes a hydraulic pipe organ Like that of Kte&ibios, 

He id so describes another, smaller organ powered by a little wind- 
tniiL This is the First mention of a windmill of any sort. Heron calls his 
gadget an artemaurivn or “wind vane, pt and the illustrations in the manu¬ 
scripts, copied and recopied from the originals, show that he had in 
mind something like a modem toy pin wheel. Perhaps such pin wheels 
were used as toys in Heron's rime. Heron's mectmisnij counseling the 
windmill with the organ, is iiirconvmcmg, und he probably never built 
such -a machine. A striking oversight of classical engineering was die 
failure to develop the windmill from a toy to a practical source of power. 

Heron also describes u force pump with a nozzle that can be lamed 
up* down, and sideways for fighting fine. Apparently Alexandria had 
some sort of hand-operated fire engine not unlike those used in Europe 
and America rn early 4-XVJth Such an engine was merely a wooden 
fjinlr or tub, wilh handles nl the corners for carrying and a pump on idp. 
At the firc p the tub was filled by a bucket brigade, while two or four men 
worked the pump handled 

In fighting fires, ibe ancients sometimes used the intcsiinc of an ox 
for hose, a* well as buckets imd large syringes When there was no river. 
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Fifi, 17. Huron's iwo-eyUnder pump. with a dirigible oairie, for fire lighting 
(Woodcraft). 


fountain, or other water supply close at hand, they probably did what 
firemen in London did in cariy +XIX: dug a hole in the street and 
waited for it to fill with ground water. 

Marcus Licinius Crassus. the Roman banker and triumvir f—D, had 
a private fire brigade of 500 lusty staves. When a house caught fire, 
Ctni?us t brave fire laddies chased away the laddies of rival companies 
white Crussus bargained with the owner for die property, “so that the 
greatest part of Rome, at one time or another, came into his hands-'"*’ 9 

Later, Augustus scotched this extreme farm of private enterprise by 
organizing a corps of vigilct or "watchmen.” who served both as fire¬ 
men and as policemen. The vigilcs were recruited from freedmen, who 
might, after faithful service, transfer to the army nmJ thin become citi¬ 
zens. Some other cities had a similar system. Elsewhere, lire fighting was 
assigned to tidier* or to members of the builder*' atrild. neither so 
effective as trained vigil as. At best, ancient fire-fight ing methods were SO 
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far below our stundards that any great city could expect a conflagration 
at least once each century. 

9^ r aIJ of Hero it's ioventioos, the one most pregnant with future pen- 
jsibi litter ™ acait1 engine. Heron modestly calls it "A bull rotated 
steam*' dnti explains: 


P ace a cauldron over a fire: » ball ,h=ll ,evolve o n * pivot. \ fire is 
JJ tied under a cauldron. Aft, oomtiininfi water, and covered al the mouth 

2 ,1 “ CO: “ ,,h ,hir lhe b£flt **0 wmnumFtafci, the e^remity of 

1 iI,[0 * ‘Sfir baI1 - ,<K QPP«*te '« ,tie «a(TOtsilj place 

a pivot. LM, resting on the lid CD: and let the ball eonisin two beat p,t^ 
communicating with 11 at the opposite extremities of . diameter, and tent in 
oppose directions, the bends be mg in right angles and .»«» ihe feat F<5 

^±£* ■**»>«* * * ilJ * feuud .hat .team, entering the tell 

, ^ t FG ' P*'** 1 lfi)l through the bent lubes towards the lid, and auaisi 

the bad to jevolve, ai in the a« of die dancing figures.- 1 


Heron-s steam engineer "aeolipilc,”- as h is sometimes called- 
w ™ c ™ on the resown principle of the rotary lawn sprinilcr. Boon 



Fig-1*. Heron’* steam engine or iwltpile I Woodcraft ]„ 
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never claimed that it was mote than a toy. in another design, he pu is 
this principle to use by causing healed air t issuing from the ends of a 
swastika-shaped pipe assembly, to whirl a disk, attached to the pipes, on 
which statuettes are mounted Hence the reference to “dinting figures" 
in the above quotation Elsewhere, as we have noted, he used heated 
air to work a piston to open temple doors. 

Heron had available nearly all the elements needed to make a practi¬ 
cal working steam engine of either the redprueaiing or the turbine type. 
Yet none of the three device* he described was such a steam engine; 
that is p none could haw worked a pump or turned a millstone. 

Still if some emperor had hired Heron to devote a few years of in¬ 
tensive research to the steam-engine problem . * - But it is useless to 
expect people to attack problems I hat they do not know exist. As it w as, 
Heron did more creative work than a hundred ordinary men do in the 
course of their Jive*. 

Although Heron's hook was not widely read in biter centuries it was 
never altogether forgotten. A curious echo of il appeared b the medieval 
European legends of Virgi) ihc Magician. In ihesc talcs, the gcmlc poet 
of Mantua* Publius Vergil jus Marc. became the wizard Virgil who 
founded Naples on eggs. owned a brazen head thirl prophesied. built a 
whit ling castle, and kepi a demon captive in a glass. He also mamr 
Lamed an army of robots to trounce his foes and otherwise do itk will 
These yams are derived from the little figurine* of Heron's puppet 
shows, expanded to Life size, made mobile, and nm by magic instead of 
toy machinery'. 

Later, the engineers of the Renaissance studied Heron with lively in¬ 
terest. In +XV1L when Europeans began to liamess the power of steam, 
they remembered Heron's achievements. In the 1670s, a Flemish Catho¬ 
lic missionary in China. Ferdinand Verbiesi, made a two-loot model 
steam can driven by an engine copied from Hercufs acolipilc. VcrWest 
wav one of a group of Jesuits who for several decade* operated the 
Imperial Chinese observe pry of Peking. His steam car ran, at least a 
few inches. 

At the same time the Marquis of Worcester, who had also read about 
Heron's whirligig, was experimenting with hi* ^w-atcrcommatiding en- 
ginc." Tliii was a sfmn-powercd vacuum pump for pumping out coal 
mines. Ah hough Worcester never realized the profits he sought from. 
hh invcnikur, he got far enough so that hr* successor* Sumy and New¬ 
comen built up a thriving hurincss itistaJJmg similar pumps. ft was in 
trying to improve a Newcomen engine that lames Watt made his 
portentous discovery. 
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Heron s was the last of the great classical treatises on the mechanical 
Litis, in early +IV an eminent mathematician. Pappus of Alexandria, 
devoted the eighth and last booh of bis mathematical treatise to mechanic 
caf problems. But Pappas merely described the standard means of gsiii- 
ing mechanical advantage—the windlass, lever, compound pulley, 
wedge, screw, and gear train—and various ways of combining them. He 
added nothing jq what Phiion and Heron had already said. 


The fall of the West Roman Empire Is usually dated *476. In that 
year, one of the Empire's many German generals, Odovacar, deposed 
the hoy-emperor Romulus and declared himself ting of Italy, only !o 
be defeated and treacherously skin soon alter by Theodoric the Goth. 
The various German kings, who already occupied large parts of Gaul, 
Spain, and North Africa, sometimes acknowledged the supremacy of 
the other emperor in Constantinople; but within a few years all effective 
Roman rule in these lands faded a way. During the following century, 
the eastern emperors recovered parts of Italy, Spain, and North Africa. 
This recovery did not last, and soon all of North Africa, and Syria as 
well, were wrested from the Byzantines by Muhammad's Arabs. 

f ormerly, when Europeans assumed that Europe was the only civilized 
part of the world, this revolution was described as the downfall of civile 

Dark Ages" followed, and civilization did not revive until 
about *XI or +XJI- 


This is of course nonsense. Even at its greatest extent, the Roman 
Empire comprised but a fraction of the world's civilized lands, and the 
Chinese Empire under the Tang dynasty (+V1I> was much larger and 
equally civilized. What really happened was that civilization withdrew 
from its westernmost outposts, where it had never been loo securely 
established anyway, but it continued as usual in the East. 

The shrunken East Roman Empire—1 he richer and more populous 
h “ lf the Emp^-proved a tougher nut far barbarian hordes to crack 
than us western sister In fact, it held nut against constant assault for 
a thousand years, until Constantinople fell to Sultan Muhammad [] in 

* 3Vf Vft| rige of Byznniinc power was not extirpated 
unu Trebizond on the Black Sea, which had its own “Roman Emperor * 
surrendered to the Turks in 1461. 


The total time from the legendary' founding of Rome in -752 to the 
fall of Trebtrond is 2.214 years. Considering that this h a much longer 
time than the life span of any other government in history, Rome can 
hardly- be said to have failed, even if h finally felt (Egypt and China 
existed longer as recognizable nations, but not os governments, because 
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their history is broken into segments by division within or subjection 
from without.) Like the dinosaurs, ivhn dominated the earth for 150 P - 
000,000 years, the Haitian mien must be counted a success even though 
they became extinct at last. 

Yet. while civilization continued hi the eastern Mediterranean litnds 
and in Iraq, Iran. India* m d China as if nothing hitd happened* the 
tail of the West Roman Empire was no small event. Over a vast area, 
Roman rends* aqueducts, and harbors fell into ruin, because there was 
no central government strong, rich, and enlightened enough to main rain 
them. Literacy, which had been Fairly high under Rome, declined ah 
most to the vanishing point Science became superstition of the most 
idiotic: sort, and engineering declined to nile-obthumb c raftsm anship. 

Some of the German king?, who ruled ihe conquered lands made a 
pretense of preserving civilization Thus when Theodoric the Great, king 
of the East Goths, ruled Italy under the nominal overlords hip erf the 
Emperor (early +VI) he told his minister, ihe philosopher Boethius* 
to make a water dock and a sundial as a royal gift to Gundibald. king 
of the Burgundians, For a while, some people in these lands were even 
better of! lhati they had been, because they were /reed from the smother¬ 
ing web n{ Imperial regulations. Bm then the Viking raids of 4-DC ami 
TX reduced western Europe to a Male as barbarous as before the rise 
of Rome, 

To appreciate how for Ibis decline went, you have to read some of 
the surviving Dark Age literature. Although the Romans bnd their in¬ 
tellectual Inn Eta lions, they seem brifliiml by comparison. 

For instance* a leading man of late 4-VI wa- Pope Gregory I, called 
"the Great* This man burned the library of the Palatine Apollo, kst 
its secular literature distract the faithful from the contemplation of 
heaven, He also wrote a book, a collection of ratafia* lives called 
Dialoguex, which displays an infantile credulity that would shame a 
tribal shaman. 

Thus Gregory tells how the pious youth Honoraria s. by calling on 
Christ and making the sign of the cross, halted a boulder that was rolling 
down the mountain upon his matmtery. When ihe monk Placidus fed 
fmo a hfcc, the monk Mourns rescued him by walk in £ on the water and 
Hauling Pfocidus out by hb hair. A nun ate a lettuce in a monastery 
garden wtlhmu crossing hcj->df tnd consequently swallowed a demon, 
who possessed her until an abbot exorcized it the demon reasonably 
complained: 

“What have 1 done? I was silting there on the lettuce, and she tume 
and ale moV** 
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Later, the much more intelligent Pape Sylvester II* 01 Gcrbcri H-X), 
studied to Spain in his youth, collected classical writings, built a w^ier 
dock and an Organ* and trroie si treatbe on the abacus. Far these not 
very Maiming deeds he was reputed a mngfrim It was whispered that 
he had studied astrology* necromancy, and other occult arts at MusJun 
Cordoba, stolen a wizard's bwk and daughter, and built a golden head, 
which answered questions* 

Historians hare proposed as many different reasons for the downfall 
of Home as have been suggested for the ex tine lion of the clinoraiEH* 
and they have found h just as impossible exactly to determine any otic 
true cause. Some of their suggestions are: the dtuniliturizaaon of Romans 
in the mlerior of the Empire when soldiers were more and more recruited 
either from people living on ihe frontiers or barbarians living beyond 
them; the loss of money from the Empire, drained oil to JhlHj and 
Cliina to pay for imported luxuries: the loss of manpower in the western 
prosinces as a result of ihc great plagues of -H65 und +250* the civil 
wars from +235 to +284, end the barbarian invasions thereafter: die 
growtli of local separatism in the provtuc^i a$ these acquired she tech¬ 
nique and amenities of Roman Italy and so no longer fdE that they 
needed Rome; the restrictive laws of Diocletian and his successors„ fix¬ 
ing prices and wages and compdting every mm do tabor at his father's 
trade forever., 

At least, modem historiatrs agree that Rome did not fall because the 
Romans reveled itt hixury or indulged in orgies. Although there have 
been, in all times and places, some people who liked a little orgy now 
and then, the great period of Roman laxity had occurred in —I and +L 
Tbo Romans of +IV and +V were different. Many bad been Christian¬ 
ized In any case, as nearly as we cm td| v their standards of morals and 
manners had become ss good deal stricter; in fact, these standards could 
probably be compared with om own. 

Some Lite the view that lhire was no one cause of Rome’s downfall 
Inilead, the Roman government, lilce every olhcr, was confronted by ;i 
scries of problems. For a long time it succeeded in solving them well 
enough to cany on. At last, however, as much by luck as anythin;; else, 
a number of these problems piled up all at once at a lime when the 
Western Empire lacked strong leadership. The wonder is not that Rome 
fell but that it managed to keep going so long. 

The principal problem, of course, was the barbarians Before +>100 
their incursions had been only raids, destructive but not fatal However, 
in +406 the Vandals. Sucvt. and Alans bum into Gaul and beaded far 
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Spain at a lime when the emperors of East and West were loo hmy r B tiht- 
log each other u> defend the frontiers. A few vem later the Franks. 
Bui£Eindi 3 d&< and pibefs came in. settled* and refused to leave. Although 
willing at first lo ackmavMge Lhe Emperor's rule. they proved lc?f> nu¬ 
merous to absorb and too strong to oust; so it was only 4 warn* of time 
before they took over the rule of ihc lunds diey tjecitpied- 

Aitoiher factor in Rome's latl was thuL while the Romans were al¬ 
most standing still in science and engineering, the barbarian* were ad¬ 
vancing. They were learning the Raman arts o! peace and war. the 
former by trading contacts and the latter by mercenary service in the 
armies of Rome. The arts of peace enabled their buds to support denser 
populations, while the arts of war made them as formidable, man for 
man. ns the Romans 

The tremendously lone land frontiers of ihc Empire had been no 
grtai danger when those beyond ii liad been only 4 thinly spread popin 
lotion of primitives. But. when the barbarians waxed in numbers, knowl¬ 
edge. and power, these long IrontiCTs became indefensible. 

The barbarian across the frontiers hod tong shown ihiil ihey cenud 
Bdf only loam from the MediEerrancjm peoples but also devise invert 
ikms of their own. Before die Romans conquered them, the Celts of 
Gaul and a-nsr.il Europe minted snap anti the barrel, Ifie> were ex¬ 
perts at making enameled ware and built advanced -our-wheeled cm- 
riaees* with graceful ihin-spoked wheels. It was probably they who had 
the idea of making a metal tire all in one piece, heating it, and shrinking 
it on the whed. 

A Celtic native, or perhaps a Roman overlord in a Celtic land, de* 
vised the ftm harvesting machine. On large farms in Gaul, harvest mg 
was done with n kind of header-'thni is, a device to cut the heads only 
from the wheal stalks. It looked something like a large modem gar¬ 
den cart, with an arrangement of fingers and slots along ihe leading 
edyc to catch the heads o( the wheat. A beast of burden pushed it from 
behind. 

In Republican Roman times, also* the nomads who roamed the 
steppes of southern Russia and Turkestan made a numbs r of inventions 
that revolutionized man's use of the horse. 

For one thing, they built a more substantial saddle ihan was tiled 
around the Mcditcrrancuxi Classical riders rode either bareback nr with 
a thin pad strapped io ihc horse's back. The Scythian saddle, on the 
Dthci* blind, wai padded, whh ;i definite pommel and can tie. These made 
it easier to stay <sn the horse when it suddenly started or stopped, in- 
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stead of falling off behind or before on one's head like the Whi te KaighL 
The Romans adopted this saddle in hue imperial 

Now we come to an invention of even mote moment : the stirrup. As 
the stump is closely connected with the rise of the feudal system, it was 
one of the world's most influential inventions, and its origin is much 
disputed. 

According to one current theory, about — (00 the Sartnathns. who 
roamed the plums north of the Caucasus, invented the stirrup. Like their 
kinsmen the Scythians to the west and the Sakai to the east, the Sanua- 
tians spoke a language akin to Persian and were racially much Ukc the 
modem Russians. Their custom of compelling tbeir young women to 
fight in the ranks and slay a foe before being allowed to marry and settle 
down gave rise to the legend of the Amazons. 

Before this invention, all riding had been without stirrups. As 
Xenophon pointed out in encouraging his Ten Thousand: The foot 
soldier aw strike harder and with truer aim than the horseman, who is 
precariously poised on his steed, and as much afraid of falling off as be is 
afraid of the enemy,"'' Although himself an expert rider who wrote 
on horsemanship, Xenophon scoffed: "Did anyone ever die in battle 
from the bite or the kick of a horse?” 

Lacking stirrups, classical cavalry was used to scout, to fight other 
cavalry, and to cut up a foe who was already broken and fleeing. But, 
against a well-trained block of spearmen, it could do liuic, save^ln the 
hands of an exceptional general like Alexander or Surcna, the Parthian 
who destroyed Crassus’ army at Carrhae, During ihe Himnibaiic War, 
the battle of Lake Ticimis began as a cavalry skirmish but ended as an 
infantry fight because so many of the riders had fallen off. 

Riders long sought a means to assure themselves a more secure 
seat than that afforded by a simple knee-grip. Xenophon advised the 
rider to seize the horse's mane while galloping uphill or jumpmg-a 
method that would bring rousing sneers from modem riding instructors, 
Ln'sccure riders in the Near East were sometimes provided with a foot¬ 
board hong from one side of the saddle, on which they rested ihiir feet 
while sitting sidewise on their mounts. 

The Romans, too. sought greater security for the rider. They fitted 
their saddles with a projection on each side, just forward of the rider’s 
knee, which could he grabbed in an emergency. When Apollodoros of 
Damascus built Trajan’s Forum, the decorations included a number of 
marble reliefs showing horses and riders. Utcr. Constantine removed 
these reliefs and installed them in the Arch of Constantine, which still 
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stands a block from the Colosseum. Several horses in these reliefs have 
such knobs on their harness. 

Furthermore, a bronze statuette of Marcus Aurelius uu horseback, 
found recently ai Vclin in st^utheni Italy, has an object shaped like a 
capital D, with the straight part vertical and the curved part aft, where 
the hnrtf's breast strap p ins ihe forward edge of The saddle pad So 
the simple knob of +100 had, by hte ^II P evolved into a Siandgrip 
or hand siimip. 

The Saimstwn invention changed all This. The use of a single bather 
bop to hdp the rider to mount may have long been known to the peo¬ 
ples of the steppes, though we do not know when and where the inven¬ 
tion originated. About a century ago, a Russian scholar found, in a 
grave barrow at Cticrtoml^fc in the Ukraine, a pa red-gilt silver vase 2 
feet. 4 inches high, which is the acknowledged masterpiece of Graeccn 
Scythian an. The date Is uncertain but is usually put in -IV. A strainer 
in the neck indicates ihat this jug was for kumys ffermented mare’s 
milk) which the jolly Scythians were wont to drink from cups made of 
their enemies* skulls. 

In addition to birds, gryphons, and other objects, the reliefs decorating 
the Chcrtoml^k vase include scenes from Scyibmn life. The steps in 
breaking a horse to [he saddle arc pictured. One of the scenes show* 
the horse saddled, with something like a strap hanging from the saddle. 
Some consider this object to be such a pmfo-stimip* though others deny 
if; and in any ease the relief h loo small to be sure. 

Before stirrups* a man who wanted to mount a horse was obliged 
either to vault on to the animal's back, to step on a mounting block, or 
to gel .somebody to give him a leg-op by damping hh hands together, 
Hence, if not athletic enough io vault, a man unhorsed on the steppes 
wa* in a fix. 

The soft-leather loop was probably (he firsi answer to this problem. 
However, such a loop ivould noi be much hdp in actual riding, because 
the rider could not kick IVrs foot free if his mourn began to fall. There¬ 
fore the Sarmatian.i substituted n pair of Iran stirrups, one on each side, 
for the single mounting loop. Astride a saddle with pommel and cnnikr, 
with hts feet braced in ihc stirrups, a warrior could charge home ityflflW 
a foe without necessarily being unseated by the shock of impact or being 
pushed back over his horse’s rump when his lance struck an obstacle. 

The Swmallaivv were quick to exploit this new device. They bred 
targe hordes, like the fa mortis Niraean breed of Med in, covered them¬ 
selves all over with suits of scale mail, and charged their foes with long 
bnccs and great iw'o-handed swords. 


v 
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Before —100, the dominant tribe among the Scythiam mk d an em¬ 
pire conespt-mjiBg in the mud cm Ukraine. In early —1 T the SarmmmiH 
overthrew the Scythian empire with ihcir Invmcihlc cavalry anti set up 
their own in it* place. By +69* the "*year of the four emperors/ 1 the 
Samuil ian> were raiding across the Danube into the Empire Tacitus 
□Died that "when they charge in squadrons, hardly any line can stand 
against dtem."** 

Nevertheless, the Mediterranean peoples were extraordinarily slow 
in adopting stirrups, Roman equestrian an of -dV shows noise Neither 
does the contemporary an of Persia, whose people had king considered 
themselves the world's most dashing horsemen. 

However. a Greek military writer of curly + VI implies in hb dtrscrip- 
rion of eqv&lfT, tactics that stirrups had been in use for some time. The 
first definite mention of stirrups in ihc West L* in the treatise On Strata- 
gems published about +600 under ibc name o\ the emperor Flavins 
Tiberius Mauriciiis, or Maurice. Moreover, It is said ihai stirrups are 
mentioned in China as early as ^477. 

As a result of these changes in horse trappings, armored cavalry be¬ 
came ifie mmmtity of all western armies, civilized and barbarian, in 
Lite Roman and Byzantine times. Infantry remained unimportant for 
nijjrly a thousand years, until the Flemish burthen at Courtmt. afoot* 
slaughtered the French king's chivalry under Robert of Artois in 1302. 
1 he Age of Chivalry wait thus, as its name reveals, the age of the horse¬ 
man. The continental European words for 11 kitigfit’ 1 ^chevidier f cabal- 
tercK Ritter —all mean dimply ^horsernan/* The feudal system was, as 
much as anything, ft method of government worked out by trial and 
error to enable the countries of Europe w support a class of professional 
warriors who spent sill thdr time practicing the complicated art of fight¬ 
ing on horseback—and, what is more, to support no especially large, 
voracious, und cosdy breed of war horses for these knights to ridc. 

Still. it is hard to account for the delay of over 500 years in the 
adoption of the stirrup by the Mediterranean peoples, unless horsemen 
are even more conservative than shipwrights, preferring fails and broken 
hones to foreign innovations. In view of this delay, some scholars maiti- 
tain the ardieological reports of Sannmian stirrup* are mistaken, thui 
the** people never had stlmtpi, and thnr the stirrup was invented in 
China or India, Indian sculpture* of —11 show a miniature stirrup into 
which the rider hooked hi* big toe. Hie question of the origin pf the 
stirrup h a long way from being settled. 

Another improvement in hnr*e gear, invented in +VI1I or earlier, 
was the iron horseshoe, The Mediterranean people had a kind uf horse 
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sandal. made cither of thin iron or of straw or some such soft sub¬ 
stance. This could be tied lo the fool of a horse or mule in an emer¬ 
gency. Bui ihe heavy iron shoe, pcrmanemlv nailed in place, enabled 
the bone U> run Rifely over hard or stony ground without crocking and 
splitting it* hooves. Opinions differ as to the exact dale and place of 
this invention* but it was de tin i rely in use by ^X- 

Then there was the matte r of draft harness. An eneiem horse could 
puN only a fraction of the load that a modern horse of the same kind 
can pull, because of the harness it wore. 

The first animal used for heavy pulling was the ox. Now* the ox holds 
in head low, while its back rises to a hump over its shoulders. In it 
wild state, the ox depends upon if* horn* for defense and therefore 
stands with its head down, ready to use them. 

The horse* having no horns* stands with its bend op. so this it cun 
see its foes from afar a Ad floe. When men began to use ihe ox for 
palling* they found that they could easily yoke a pair of oxen to a plow 
or a wagon* The yoke, carved lo fit over the necks of the oxen In front 
of their humps, was held hi place by bowsr thin wooden collars that 
went under the animals 1 necks. 

Later, when men began rc harness horses, they tried to modify the ox 
yoke to fit the horse. They put a ^rnip around the horse's neck and 
hitched it ui a yoke, Rut. since the horse holds its head up, the load 
bote upon the creature's Lhmat instead of its shoulders and back When 
the horse pulled hard, the strap choked it and brought it to a stop. 

The first improvement was a Chinese harness with a breast strap, held 
low down by the other straps. The nomads of the steppes brought this 
harness (sometimes called the postillion harness]! 10 the West in late 
Roman limes. Then, during ihe Dark Ages, an evien belter scheme was 
developed the horse collar, carved to 1st the base of rht Horse’s neck 
and padded so as not to hurt the amnia IV skin. Horses arc shown plow¬ 
ing with collars in the Baycux Tapcs£ry L which tdls in cartoon form 
the story of William of Normandy's conquest of England in 1066* 

These improvements in harness quadrupled the load a horse could 
pull and thus increased the power available to imn r For die first time h 
became usual to plow- with horses instead of with the strong but sluggish 
ox. 

Note that these advance were all of barbarian or Far Basiera origin. 
Sonic thoughtful Romans warned that the barbarians were showing 
greater ingenuity than the people of the Empire, Vegellus the military 
writer (about +400) said: 'The barbarous nations even at this day, 
think tins [military j an only worth aiLcmioiu believing it includes ev- 
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cry thing else, 1 * An anonymous writer remarked ;i few decades earlier 
that: ri &]though the barbarian people derive no power fmm eloquence 
anil no Illustrious rank from office, yd they ate by iw me-irn considered 
stranger> w tuecfaaiikd inventiveness where nature comes to their 
assistance.” 51 

Thh nameless writer, usurdly oaf ted Arwnymus, is an interesting char¬ 
acter, Addressing the emperors Valentmian 1 and his brother Valins 
(about +370) he urges ihat they mechanize the Roman army to nuskc 
up for the manpower shortage and enable the Rom.Lin ooee again to 
face the invading h;irb^riatt 3 on better than equal terms. 

To this end, besides various financial reforms* Anonymus litres the 
emperors to reduce his military invent ions Lt> practice. These include a 
mobile* rapid-fiie catapult; a catapult with an iron bow. cocked by the 
power of tread wheels: a spiked battle car to be pushed agaiml the foe; 
a buckler to be nailed to the battle car; a javelin with leaden weighting 
and a lateral spike to ham per the foe when it slicks in the ground in 
front of him; another weighted javelin: an unmanned scythe-wheeled 
chariot drawn by two horses bearing armored lancers* with means for 
raiding the scythes to I he vertical: a one-horse version of the tame; an¬ 
other version, with two horse* urged on by automatic whips: a thick 
shirt or haquefon to be worn under armor; n raft held up by inflated 
skins; and a warship driven by three pairs of paddle wheels* each pair of 
wheels powered by a pair of men walking capstan spokes a found on 
deck. 

Plainly. Anonymus □ very Ingenious man but one without practi¬ 
cal engineering experience. As with the siege engines of Bit tm and 
Athennbs* many of his proposals would not work in practice. Still hi* 
heart was in the right place. We can, for lack of contradiction, hail firm 
as the inventor of the paddle wheel as a means of propulsion. Even 
though his ox-ship would have been too slow Eo be practical* the idea* 
which he may have gotten from watching d Viltuvkm wait* mill* is 
there. 

However, the proposals of Anonymujt and she warnings of Vegeiius 
alike fell on deaf ears. A more typical Roman opinion was voiced by 
our old friend Froniinus, ihr water commissioner. In a book on military 
stratagems, Frontinus said that he would ignore “all considerations of 
works and engines of war, the invention of which has long since reached 
iiv limit, and for the improvement of which ] see no further hope in the 
applied aris/^ 

Jn other words, all possible inventmad. at least in the military field. 
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had already been made. Hud Frontinus been able to look ahead a 
couple of thousand yfc&fs, he would have had t|uiie a surprise- 

The opposed ideas of From in us and Anonyrma bring us to another 
Roman “fall," distinct from die political tall of the West Roman Em* 
rue. TTii-^ is the fall of classical science. Why. under the htcr Empire, 
did science and engineering stand *01. kiting the barbarians catch up 

in power? , , _. . 

One of the most striding intellectual movements of the Principals was 

the movement away from science. Alexandrian science was certainly 
less vigorous in the time of Augustus than it had been under the first 
three Ptolemies. But it could still produce first-raters Me Heron and his 
con temporary, ihc astronomer Claudius Ptolemaeus. 

After this pair of lust-century giants, however, the list thins otrt. 
There me a few gotxl rnathcmsticians-Diophantos, Tappers, iheon— 
but no more of the stature of Hipporehos or Archimedes. Outside of 
mathematics, ihere is practically nothing- 

Historians have put forward almost as many reasons for this halt in 
scientific work, under Rome, as they have for the fall of the Empire, 
They blame ibe prevalence of slavery, the rigor of Roman rule, the 
anti-intellect mi I Roman tradition, and the rise of Christianity. But 
slavery dec lined tinder the Empire. The early emperors were on ^hc 
whole no more tyrannical than the Ptolemies had been. I ppcr-class 
Ramans of die Empire were Wrongly Hcltenkud. Lastly, Christianity 
had only local influence through its first three centuries. 

A more Ijkciy cau« of Roman technical stagnation was the fact that 
the natural resource?, needed for the next major industrial advances- 
coal and iron, and to some extent wood and water power-were rather 
scarce around the Mediterranean, though abundant jn northern Europe, 

Another argument concerns the interdependence of pure re fence and 
engineering. Science, it is said, went as far as it could without instru¬ 
ments and mechanical aids, such as the wheeled clock, the microscope, 
and the telescope. As slavery fostered a traditional contempt for manual 
tinkering, classical scientists had no urge to invent these gadgets them¬ 
selves, So they got stuck and could go no further until there inventions 
were made, over n thousand years Inter. Even if they had conceived 
these inventions, the craftsmanship of classical Limes WU4 not skilled 
enough to make such devices workable. 

Although there is probably some truth in these con lent ions, they are 
not the whole story. We have seen that Heron had most of the ingredients 
for a successful steam engine. Likewise the tec hnitj lies that could make 
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dn bonne water docks and geared astronomical computers of the Ami- 
kythera type could also have produced a wheeled* weight-driven dtx:k. 
Ail ihm was realty needed w±f§ for somebodv to invent :m escapement. 

As for optical instruments, banting glasses had been known since —V, 
and magnirfiers were afso known though made little use of. Plitiius noted 
that: si a glass gloho full of water, if placed opposite the *un P becomes 
hot enough to set garments cm (ire_ w Furthermore, Seneca observed that 
"Letters, however small and dim, are comparatively large and distinct 
when seen through a glass globe Riled with water.^ 

No scientist, Senega thought that the wetness of water had something 
to do with this magnification. Further, he shows that men of his time 
understood the principles of curved miiron. He tells of a Roman named 
Hoktius Quadra whose whim it was to indulge his lusts, natural and 
otherwise, in a room lined with curved mirrors, so that he could behold 
iiis own acts grotesquely magnified. 

So optical instruments could have been invented in Roman times if 
anybody had taken the trouble. So could other useful devices like the 
printing press, the canal lock, and ihe full-sized windmill. But they were 
not. A patent law protecting inventors might have helped, but even 
that might out liave overcome the two greoi anti-scicntifie and anta- 
tcdmicaJ forces, which look possession of the Roman Empire and which 
we shall soon discuss. 

Nor would rt be right to say that everybody agreed with Fro minus 
l ' m 111 discoveries bad already been made. Seneca* a much more in- 
fiucnliid writer than the water commissions declared: 

The day wtll yet come when the progress of research ihrough long ages 
Wilt reveal tq dght the mysteries of nature that ore now wholly concealed, A 
sinelc lifetime, though it were wholly devoted to the study of dte sky, duo 
n-ji suStec for the investigation of problems of such complexity [as those of 
— TTw duy will yet come when posterity wifi be uttattfl ilwt 
we reinn mol ignorant of ihiti^ that will to lhem stem so plain, 9 

Even LT Seneca was u hit of a wlmdbsg, here he really grasps the idea 
of scienliflc progress. tint alas! when he looks about at Nero's worlds 
wh.tr sees he* That l \ * far from advance being made toward the 
discovery of what the older generations left insuilictcndy investijuitcd, 
jimiiy of thcii disco veriest are being lost."** 

There was no active discourageitrem of science under Rome, at less! 
before Christianity came into power. Bat science to compete fnr ah 
tenuon, be]id, respect, interest and financial suppntt wiih polkics, com- 
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Fierce, art, literature, religion,, enter tainmeiU, sport, wati and nil the 
Other areas of human activity. St any otic of these mierest* grcjtly ex¬ 
pand* its appeal to the people, it does so ai the expense of the oihers, 

Now, the grciit intellectual movement of the classics! world under 
the Principate was towards supcmaiuralftm; that is, religion, mysticism, 
and magic. Then? was nothing new about these. All went back to primi¬ 
tive times Mystery culls had flourished in Greece from —5(H) on and 
probably curlier if ihe record were complete. 

But. under Rome, those who exploited the human love of the marvel¬ 
ous and fear of the unknown made striking advances in methods* just 
as metal workers learned to make bras* and otaziers 10 make window- 
panes. They found that h ^dded in their following and advanced their 
own power, glory- and wealth to flourish a body of sacred writings 
wherewith 10 confound |hc heathen. to promise lavish rewards and 
punishments after death, in order to right the injustice* of earthly life: 
to set up a tightly knit, far-Rung, conspiratorial organize lion' to expound 
a ratee and seemingly logical body of spiritual doctrine; to impose a 
fixed code of morals and tabes—so me reasonable and sortie purely arbi¬ 
trary—on their followers; rmd T most of all. to incite a fanatical hatred of 
rival groups and a grim determination lu win the wortil to one's own 
faith. 

All these procedures were inventions, just as much as Heron* toy 
steam engine, With these new techniques, lire priests, prophets, rind 
magicians could more effectively compete for public attention and sup¬ 
port, Credulity they redefined ns Al fsiith " and fanaticism a$ “zeal,* white 
respect for the laws of cause and effect was condemned as "blind ma- 
ferintism/* 

llic success of a cult depended upon its fidelity to these principles. 
This success, needled la any. had nothing to do with the objective truth 
of its doctrines, any mot e than die success of a modem advertising 
campaign hijs to do with the virtue* of the cigarette or detergent being 
sold. 

As a resulL the world witnessed a great ‘Velum to religion." The new 
cults grew swiftly. The old Greek and Roman polytheism, with no 
central orgunizalioft, no theology but o ft*** of childish and incon¬ 
sistent myths, and no particular doctrine of future life, crumbled before 
the tide, The worship of Kybde, Mithra. Isis. Yahveh, Sera pis. Abraxas, 
and Christ waxed mighty*. The magical cull* of the Neopythagoreans, 
the Neoplatooists, and the Gnostic* throve, The pseudo-science of antral 
ogy nourished, and hedge-wizards like Simon Magus swarmed. 

The methods listed above hud already, before the Christian era, 
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appeared lo 5nnie esLcnt in Judaism and Zorrasrriam&in, So ii is nm sur¬ 
prising that the strongest of the new religions should prove lo be Chris¬ 
tianity and Mkhnusm, heretical offshoots of Judaism and Zxrroastriafl- 
hm respectively* 

Of all the mass religions, Christianity made the most effective use of 
these principles. Possessed of flit! tightest organization, the most bewilder¬ 
ing logic, the most impressive sacred literature, and the most fanatical 
spirit of any, it captured the Principals while Christians were still a 
small minority in the Empire, Then, armed wilh the terrifying dtscirincs 
of exclusive saivatkm, denial damnation, and the imminent end of the 
world, asd hacked by the Emperors esveulhners, it soon swept its 
rivals from the board. 

This* however, happened long after classical science had withered 
in the sirocco of a resurgent supernatural!™, ol which Christianity at 
first was but 3 small part. It withered because few paid any attention 
to science any more. Who wanted to spend years in pursuit of semic 
obscure natural law, or pay socucbod) else to do 50 , when by joining 
one of the new cults you gut drama, passion. mystery, a feeling of 
superiority to all m >n-mcmhers, and a promise of eternal bLiss in heaven? 

SupermatnniUsm could offer these things, since nobods came buck 
from the dead to complain lhat tic had! been swindled. Science could 
noi, so science lost out. People who might have become scientists became 
mystics or theologians instead; it seemed more worth while. 

This is not to say that supernatural bm docs no good whale vet, 
Straboo of A mas in, the great geographer of the time of Augustus, knew 
what he was talking about when be remarked: +, The great mass of 
wnmcfl: and common people cannot be induced by mere forte ot reason 
to devote themselves to piety, virtue* and honesty. Superstition must 
therefore he employed, and even this is insufficient without the aid of 
tile marvelous and the terrible. 1 But supernatunilism is not, on the 
whole, friendly to science and technology, and there is no use pretending 
that it is. 

The collapse of classical science affected engineering. Engineering, 
however, never ground to <0 onctiplck a stop as pure seknoe. Although 
iis pace slowed* it forced ahead wmebow. RuEers -still wanted grandiose 
buildings and other public worb There remained 0 demaod for mifl- 
wrichTs and 01 her engineering craftsmen, even in pans of the West 
Roman Empire that had come under barbarian rule- 

fhui, by 4 350 + when the West was distracted by civil war and bai- 
barimi raids, the dty at Antioch bad insE ailed the world s first system of 
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public street Lighting, In Lite 4-V p whets in Itily Odovacar was con¬ 
temptuously tossing link Ruth ulus off the Imperial ilifimc, an overshot 
water mill was set up in ih t marketplEice of Athens. And around +500, 
some unknown craftsman built, at Gaza on the frontier between Egypt 
and Palestine* the most elaborate water dock that hud yet been seen. 

We know about due dock from a battered manuscript in the Vatican, 
attributed to Procopius of Caesarea, the historian of Justinian's warst 
together with some Jet ails added by al-Jazari in curl y -i-XlM According 
to Procopius" Description of a Clock, the mechanism was housed in an 
open marble building about 8 fed wide anti 19 feel high. The actual 
clock stood at the rear, while a marble barrier topped by iron spikes 
ran around the sides and front to keep the viilgus out. Marble pillars at 
the from comers upheld the roof. 

Above the clock, near the roof, a Gorgon's head glowered down* 
Below this decoration stood a horizontal row of twelve small doors- At 
night these doors were opened, and time was told by a lamp, which the 
clockwork moved slowly iroin right to kft behind these doors. 

Lower down wo$ a second row of twelve doors, and below these a 
number of large statues including one o£ Hetakies in the center, holding 
a gong in one hand and his club in the other. 

During the day. a tiny statue of Helios, moving along the molding 
below the doors, told the time. At each hour, as the Hdios passed the 
appropriate door, the Gorgon** eyes rolled the big statue of Hera kies 
bcai the gong, the door next to the Helios opened, asiothei statue of 
Heraklcs popped mu an eagle above the door bent forward and dropped 
a crown of sictnry on the hero's head* this little Hcrukles bowed and 
slid back Into his compartment* and the door dosed- Each of these 
twelve "jacks/' as >udi timekeeping statues are called, Illustrated otui of 
Hcraktea* twelve labors. 

Instead o( striking the numbers of the hours from one to twelve, 
however, this dock sounded them from one to six, beginning over again 
at noon. When the day was done, a statue of the god Dionysos blew o 
trumpet. Evidently there was still some engineering talent at large in 
the world, to construct so Imposing a machine- Remains of a similar 
clock can sUfl be seen in die Busruutiyya Mosque in Fez, Morocco. 

Withal, engineering did slow down all o%er the Roman Empire sifter 
-bL Advances during the next Tew centuries were few and modest. Oitiy 
a few new inventions such as the onager, the truss, and the pendentive 
can be credited to the hie Roman Imperial period, and their dates are 
not doscly known* 
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Another factor in ihe collapse of science and the paralysis of engineer¬ 
ing under Rome was the ‘'reforms" of Diocletian. By a series of laws, 
beginning in -*-301, this emperor fixed prices and wages and bound 
eveiy man in the Empire (with few exceptions) to his father's trade. 

Diode thin did this to stabilize economic conditions in the Empire, 
which had just gone through a half-century of destructive civil war. In 
this fifty-year period, there had been twenty-seven emperors and a! least 
twice as many would-be usurpers. 

These wars had made a shambles of the Empire. For. despite ail the 
centurions of the type of "'Fetch-another" Luciims, soldiers of the Em¬ 
pire were a disorderly lot, much given to mutiny and to killing emperors 
who did not please them, in times or civil war, Roman soldiers got 
completely out of hand and marched through the countryside, robbing, 
burning, and massacring like the barbarians against whom they were 
supposed to protect the people, while the einperor> and generals who 
commanded them did not dare to try to stop their ravages for fear of 
being murdered. 

Since the laws of economics had not yet been discovered. Diocletian 
could not understand that his restrictive legislation, however justified it 
may have seemed in an emergency, in the long run only made matters 
worse. He and his successors succeeded in combining the faults of social¬ 
ism and capitalism without the virtues of either. 

In particular, the laws confining people to their ancestral occupations 
gave the Roman Empire a system of universal serfdom like ihc caste 
system of India. These laws probably affected the masses less than they 
would today because, in pie-industrial nations, most sons follow their 
fathers’ trades anyway. Many people even like a caste system, because it 
assigns them a secure and definite place in the social order and largely 
relieves them of the need for competing and thinking. As Bertrand Rus¬ 
sell once said; "Most people would die sooner than think—in fact., they 
do'so/‘ 11 Nevertheless, the ever stricter ordinances issued by Diocle¬ 
tian's successors show that there were still many people who wanted to 
quit their occupations, simply because, under the Diode!ianic system, 
they could no longer make a living at them. 

How did tliis Imperial strait-jacket affect science and invention? It 
helped mightily to strangle them. Such restrictions are fatal to technical 
progress, as is shown by the long technical stagnation of ancient Egypt 
and nf more recent India under shut Lit dispettsalkats. What baker's son 
will fool around with an idea for a bicycle when he is compelled to make 
bread all his life willy-nilly? And when all occupations are hereditary, 
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bow could anyone even Imagine an occupaiion. like that of a maker of 
bicycles, if it did mn already exist? 

With tbe fall of Rome, the ancient world, as usually defined, came 
to an end- Engineering wa$ nor dead: only stunned by supcmaiuraMsm 
and hog-tied by caste legislation. Several centimes had to pass before 
the beginning of modem times in the technical field, and many things 
were to happen. Let us tool them over. 


THE ORIENTAL 
ENGINEERS 



EIGHT 


With ihc decline of civilization and engirt coring in Europe after 
+500, the scene of ocr story shifts eastward. Here* in the Balkans ami 
Asia Minor, the Byzantine Empire—that eastern rump of the Roman 
Empire—tenaciously dung to life for m:my centuries more. Beyond 
Byzantium, the ancient kingdom of Inin, now ruled by live vigorous 
Sassanid dynasty, still flourished. Beyond [ran by India and China* 
whose technologies were already old. 

During the thousand years that followed the fall of the West Roman 
Empire, the Byzantine Empire continued certain trends begun in the 
later years oi the united Roman Empire, while the same tittle it was 
evolving inici a medieval Greek kingdom. Although Greek replaced 
L<din as the official language, and although in +XI the Normans 
wrested from the Empire its last Italian possessions, the Byzantines still 
called themselves Rvntaiot. Their ruler irtill termed himself the Roman 
Emperor and his domain the Roman Empire, and he was insulted when 
Crusaders called him “the King of the Greeks." We use the term 
"Byzantine 1 ' as a convenience, but the Byzantine* ihemsclres never did. 

Oik of the laic*Roman ttends that curried over into the Byzantine 
Empire was toward* an exiremcly centralized, bureaucratic, despotic 
government, minutely regulating the lives of Its subjects. Russia was to 
inherit ihc Byzantine governmental trad it ion, with results uf worldwide 
mi TTicnf fr»r our own limes. 

Id eoniriiSE so ihe <cirly Ront.m Umpcmrs H wbu atlecixnj u> be merely 
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the “first citizens" of the Empire, the Byzantine Emperors lived, like the 
ancient watershed emperors, in godlike seclusion, surrounded by a huge 
apparatus of servants and agents. Diocletian began this practice in his 
implacable search for means of stabilizing the Empire, and his successors 
exaggerated it. When the emperors appeared in public, their appearance 
was made the occasion for ceremony of stupefying formality, with a 
parade of precious metals and jewels, gorgeous costumes, pompous 
titles, and gestures of servility. The Byzantines thought that this ostenta* 
tious display of wealth would overawe the simple barbarians who came 
to pay their respects, let feet, it merely whetted their appetites. 

Another trend was toward extreme religiosity, All the keen Greek 
intellect thui had gone into art, science, and philosophy was now turned 
into channels of subtle theological dispute. Next to chariot racing. Ibis 
became the leading obsession of the Byzantine masses. As eariy as -IV, 
the bishop Gregorius of Nyssa complained that at Constantinople: 

People swarm everywhere, talking of incomprehensible muitcrt, in bevels, 
street* anil sqreret# mulct placet. and crossroads. When 1 *sk how many 
obalbl 1 have to pay. they answer with hairsplitting arguments about the bom 
and the unborn. It I inquire the price of bread, 1 am loid dial the Father a 
grater than the Son I call a servant to (tdl me whether my hath is ready; he 
rejoins that the Son was created out of nothing 1 

When church councils were called to settle these matte rv, partisans 
of one theory or another concerning the Trinity proved their points by 
setting upc-n their opponents with dubs and heating them senseless. 

Later, when the Crusaders arrived in Byzantium in late -XI to fight 
beside the Byzantines and regain the Holy Land for the Cross, it was a 
case of dislike at first sight- The Crusaders found the Byzantine Greeks 
pompous, subtle, sly, biucr. and cynical; the Greeks for their part found 
the ‘Tranks’' (so called because most Crusaders were Frenchmen) dirty, 
noisy, rude, tmd violent. Each party found that it liked the Saracens, the 
common foe, much belter than it liked its nominal ally. 

tn such a world it is nor surprising that science and engineering did 
not advance far. Although the Byzantine Empire performed functions 
valuable to civilization, by preserving part of the classical Greek litera¬ 
ture and rolling back wave after wave of comparatively barbarous Huns, 
Bulgurs, Arabs. Avars. Cumans. Russians, and Turks, the culture of 
the Byzantines would am seem attractive to most intelligent people to¬ 
day. 
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In the Byzantine Empire, as in the Latin West. (steDectrol activity 
became the monopoly of churchmen. The Mesopotamian monk Scvttos 
SeboJdrt (+VII) brought to the notice of the West she Indian system of 
numbers, which we now call ^Arabic*' numerals. History also flourished; 
although today only profess tonal scholars read the works of the excel¬ 
lent Byzantine historians, 

A few of these churchmen were interested in science; some even did 
scientific work of thetr own. About +500. for instance* Joannes Philip- 
onus pondered earnestly on physics and even* it would seem, performed 
an experimcnl or two. He cleared up some of Aristotle^ mistakes about 
motion and grasped the idea that a fluid offers resistance to the motion 
of a solid body through it, instead of helping it along as Aristotle had 
thought. Thus he approached ihc modem concept of friction He per¬ 
formed, or at least recorded ihe experimem that Galileo is supposed 
on doubtful authority 1 , id have done more than a thou sand years liner: 

For if you fet fail from the same heigh! two weight * of which one Is many 
rimes as heavy as the ocher, you will see that the ratio of the times required 
for die motion tines not depend upon the ratio of the weights [as Anatolic 
had averted j, bul that the difference m lime is a very small ontJ 1 


The attitude of most of the Church Father* towards science, how¬ 
ever, was one of Indifference or hostility, Eusebius, the noted historian, 
of the early Christian Church, said of self mists; - “Ii b nol through 
ignorance of the things admired by ihcm p but through contempt of their 
useless labor, dial we think link of these matters, turning our souls to 
belter things’* such as preparing one 1 * soul for the imminent end of the 
world Basil of Caesarea declared it “a mutter of no interest to us whether 
the earth is u sphere or a cylinder or a disk, or concave in the middle 
like a fun." Lac tan tins called the study of astronomy u bad and sense- 
kss- tp Like many metier churchmen, he combated the pagan Greek no¬ 
tion that the earth was round and argued on scriptural grounds dial it 
must be flat* 

Justmiun. who reigned from +525 to +567 and temporarily recovered 
parts of ihc Western Empire from the German*, might be called either 
the last Roman or ihc first Byzantine Emperor. He. of course, never 
imagined himself to be any thing other than the Roman Emperor. The 
transit ton from classical Rome to medieval Byzantium was spread out 
over *o many centuries that Justinian could not know that he marked an 
end or a beginning. 
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Like Augustus and Hadrian. Justinian was a great builder. Bui. 
where the earlier emperors built temples, baths, and circuses, Justinian's 
construe dons ran more to churches and tonifications, to his church 
building, Justinian employed Anthcmios of Tralles ind Isidores of 
Miletos, among the ablest architects of their time, Anthcmios also built 
machines, including some sort of steam or hot-air engine, which shook 
his house when hr ran it To get rid of unwanted callers, Anthcmios had 
only to start his engine, and the visitors, thinking that the earth was 
quaking, fled. 

A Christian church was always less of a god-house and more of a 
meeting hall than the pagan temples had been. Therefore, when Chris¬ 
tianity become legal, Christians sought a type of building more suitable 
tor churches than the temples of Zeus and Minerva and the rest. 

The most el lie lent plan for a church building was found lo be that 
of the old Mediterranean baifltca or town hall, wh.-re officials con¬ 
ducted their business, judges held court, and guilds and other associations 
met. This w:ts a building of simple, rectangular, boxlike form, usually 
with a row of columns down each side of the interior, dividing the hall 
into three aisles and upholding a raised central section of roof. The gap 
between this high monitor roof and the lower roofs along the sides was 
filled by clerestory windows. 

One end .if lfie early church ended in a half-dome, beneath which the 
sacred functions were performed on the raised urea called the apse. 
Later, u cross-hut! called the transept was placed in front Of the apse, 
giving the whole building the plan of a cm«. 

Many early churches used columns and other marbles taken from 
pagan temples. As time went on, the Byzantines developed ornate 
church-building styles, using a great deal of mosaic, which even ran in 
corkscrew bands up lhe columns. The rows ol arches that were often 
supported by these columns rested on pieces of stone called impost 
blocks, tapering downward, circular below (where they rested on the 
tops of the columns 1 and rectangular above (where they supported the 
arches). 

Most characteristic was the use that the Byzantine architects made of 
Ihc dome supported by pendenlives. The church that most strikingly 
carried out Byzantine ideas of sacred architecture was Justinian's Santa 
Sophia in Constantinople. 

Near the Imperial Palace and the Hippodrome, which stood at the 
end of the main peninsula on which Constantinople was built, there 
had been a Church of the Christians, more popularly known as ihe 
Church of Santa Sophia, or Divine Wisdom, Daring the Nike rebellion 
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riff. J9, The pendent ivc dome [from J. G. Indian: Hvzsmifte and Ro¬ 
manesque Architecture, 1913). 

of 4532 (jo edited from l he war-cry itiki. “conquer!" used by the riot¬ 
ers ) this church wav burned by the mob- 

To replace the old church, Anthemius and tsidoros bull! an enormous 
new Santa Sophia of stone and brick. The central part covered an area 
120 feet square. At cadi comer of this square rose a huge 100-foot items 
pier. In building these piers, sheets of lead were laid between the courses 
of stone lo avoid concentration of the load, which otherwise might have 
cracked the stone s. 

These piers in turn supported four arches, each 60 feet high. The 
arches upheld a pendcutrvc dome; that Is, a dome cut out to make four 
pendentivci joined at the comers. You cun gel ait idea of its shape by 
setting j half-orange flat side down, making four vertical cuts around 
the edge so lhat the hall-orange is square in plan and show’s o semi¬ 
circle of peril on encli side, and then dicing the (0 p off level with the 
tops of these semicircles. 

Thus the pendetuive dome formed a transition between the square 
below and tbe circle above. On this circle the architects mounted a 
single low dome. This was not a complcle hemisphere, hut a smaller 
fraction of a sphere, w that the silhouette was flattened at the top. 

On the east and west sides of ihis square, half-domes supported by 
semicircular walla buttressed the structure and provided room for the 
churu-^l :ind nave. The inside of the chutch was partitioned by arcades 
mounted with impost blocks on rows of columns plundered from 
temples at Athens, Ephesus, and Ba'albakk, Additional buttressing und 
half-domes strengthened the structure from wilht'ut. Most of the ornate 
decoration was inside, in the form of gilding, mosaics, and colored 
marbles; the outside was left bare. 
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In +558 an earthquake damaged Santa Sophia. When Isidores the 
Younger, grandson of the first Isidore*, repaired the damage, he dis¬ 
mantled the original dome and built a new and taller one. 

For many centuries Santa Sophia, the most sumptuous building in the 
world, dazzled visitors to Constantinople. In +987 the mighty Prince 
Vladimir of Russia decided to abandon the paganism of his forefathers, 
with its hearty human sacrifices, for one of the religions of the neighbor¬ 
ing lands. Accordingly he sent envoys abroad to learn how the fol¬ 
lowers of the Roman, Greek, Muslim, and Jewish faiths conducted their 
affairs. 

The envoys reported that the Muslim Bulgurs seemed a sail and dirty 
lot. so their religion could not he much good. The Roman Catholic 
churches erf the Germans struck them as ugly. But, in Constantinople, 
the representatives of Orthodoxy welcomed them to Santa Sophia and 
turned on the full splendor of the Greek ritual. The dazzled envoys told 
Vladimir: “We no longer knew whether we were in heaven or on earth."* 
So, thanb to the charm of Santa Sophia, the terrible Slav embraced 
the Greek Orthodox faith, sent his MOO concubines packing, and spent 
tlit rest of hk life in jnxxi works. 

When Muhammad II captured Constantinople In 1453, he paused In 
awe at the entrance of Santa Sophia. Inside he found a Turk chopping 
up the floor with an ax and asked: 

“Why ore you doing that?" 

“For the Faith " replied the soldier. 

The Sultan hit ihc man. “You've got enough by pillaging and en¬ 
slaving the city!" be cried. "The buildings are mine!” 1 

Muhammad had ihc mosaics whitewashed to conform to the Muslim 
tabu on images and turned rhe church into a mosque, adding minarets 
at the corners. The modem Turkish Republic has made the building 
into a museum and. by taking the whitewash off the mosaics, has at least 
conjured up a ghost of its .meSent splendor. 

Justinian was also active in fortifying the cities and frontiers of the 
Fin pi re and furnishing (he cities with water supplies. 

For instance, the city of Dams, on the Persian frontier, straddled a 
small tributary of ihc K ha bur. Although the stream flowed through Ihc 
city, enemies were kept out by an iron grate at each end. Once, however, 
a flood swelled the stream until it washed away pari of Ihc city. To keep 
this from happening again, the ufchilect Oiryses of Alexandria built a 
flood-ai rural dimi: 
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At a place about forty fees removed frofu the outer fofti/te.iUfM* of the 
city, between the two cliffs between rtfciicb the river rutin, be coji^fcnticted u 
harrier of proper tbLckne&s 2 nd height. The end* of this he so morti^d into 
each oi the two cl ills that the waiter of the river could not powihh get by at 
that point, even if it should come down very violently. * . . The barrier was 
not bm'lt in » straight line, but was bent ib ihc shape of a crescent, so thai ihe 
curve, by lying against the cunrfll of the river, might be able to offer still 
more r«jAtnnee to the stream. And he made sluice gates in ihe dam, in both 
its lower and its upper parts, w that when the river suddenly rose in flood* 
should this happen, it would he forced to collect there and not po on with its 
fiih dream* but discharging through ihe opening ctiSy a small volume of tfee 
exce^ accumulation, would always have to abate its force link by little, and 
the city wall would never stiller damage.* 

Thus CTuyses invented ibc horizontal atch dam, like an arch lying on 
ils side. After duties, however P this invention seems to have been for- 
gotten—despite Procopius* dear description—imtil it was revived in mod¬ 
ern times. Besides the dam, Chiyses built an aqueduct leading from the 
dim to the dry, wish the usual Roman water-distributing system. 

When a similar flood of the Ski nos devastated Edcs&a. Justinian's 
engineers dug an overflow channel about the city, even though they had 
to raze a hiJI to do so. They also added to the harbor works of Constan¬ 
tinople. not only on the shores of the main city, but also tit the suburbs 
across the Bosporus Lb Asia Minor. Justinian weaned his wilder Arme¬ 
nian and Caucasian subjects from brigandage by building roads sh rough 
their mountains and encouraging them to take part in honest trade. 

In their fumtkmhm, the Byzantine? continued the Roman system of 
crenelated waits and towers. The huge triple w p all built by Theodosius 11 
stretched across the base of the peninsula on wjdch Constantinople 
stood, while a sea wall surrounded l he city along its waterfronts. Later 
Byzantine Emperors extended and strengthened the city's walls, which 
might have remained impregnable for aye, had not cannon been in¬ 
vented, 

in military technique the Byzantines, like their Roman predecessors, 
relkd upon armored cavalry When be became Justinian's commander* 
tn-chief. Bel barium found himself m command of a motley collection of 
imperial gun ids* feudal retainers, local levies, and barbarian mercenaries 
—mostly I Tuns, Gentums, and Arabs. He reformed the army and adopted 
a particular type of horseman, well armored and equipped uoL only 
with lance and sword for close work but also with a .powerful bow, as 
standard. 

For several centuries these highly trained kamphmkwt or knights were 
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the world's best soldiers. Used in carefully thought-out ways by adroit 
and crafty Byzantine generals, they again and again defeated superior 
numbers qI Byzantium’s swarming foes. Most of these troopers were 
farm boys from the province of Asia Minor. After the Empire lost 
these provinces to the Turks, following the disastrous fertile of Manzikert 
f 1071 } f the Empire was forced to rely on mereenories* and its doom 
was sealed 

The only significant new military invention by the Byzantines was the 
so-called Greek Tire. Incendiary mixtures go back at least to —IV, when 
Atneks the Tactician wrote a book On the Defeme of Fortified Positions. 
Said he: 

And fire itself which is to be powerful and quite metiincuisthibie i* to he 
prepared: 44 folkiuv Pitch, sulfur, low, granulated fnuikiocense. and pine 
sawdust in ugki you should ignite if you wish to set any of \bc enemas works 
on fire . 1 

Later it was found that petroleum, which ieeps out of the ground In 
Iraq and elsewhere, made an ideal base for incendiary mixtures because 
it could be squirted from syringes of the sort then used in fighting rues. 
Other substance* were added to it+ such as sulfur, olive oil, rosin, bitu¬ 
men, salt, and quicklime. 

Some of these additives may have helped!—si ! fur at least made a fine 
stench—but others did not. although it was thought that they did, Salt, 
for instance, may have been added because the sodium in it gave the 
Hiinic a bright p range color. The ancients* supposing that a brighter 
flame was necessarily is holier flame, mistakenly believed that salt made 
the tire bum more fiercely Such mixture' were put in thin wooden casks 
and thrown from catapults at hostile ships and at wooden step engines 
and defense works. 

In 4*673; the architect Kalimtk-os fled ahead of the Arab invaders from 
Hdipolis-B^albakk to Constantinople, There he revealed to the eutr 
peror Constantine IV hri improved formula for a liquid incendiary. This 
could not only be squirted at the foe bur could also be used with great 
effect at sea, because it caught file when it touched the water and floated 
flaming on the waves. 

So Byzantine galleys were armed with a fhune-chrowing apparatus in 
The bow, consisting of a tank of this mixture p a pump, and a nozzle. 
With the help of this compound the Byzantines broke the Arab sieges 
of +674—76 and +7f 6-IS and also beat off the Russian attacks of +94] 
and 1043. The incendiary liquid wrought immense havoc; of &G0 Arab 
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ships that attacked Constantinople in +716* only a handful returned 
home. 

By careful security precautions* the Byzantine Emperors succeeded in 
keeping the secret of this substance, called M wct fire" or "wild fire," so 
dark that jt never did become generally known, When asked about it* 
ihey blandly replied that an angd had revealed the formula to the first 
Constantine. 

We can, therefore, only guess the nature cl the mixture. According 
to one disputed theory, wet fire was petroleum with an admixture of 
calcium pliosphkfc, whkrh can be made from lime* bones, and urine. 
Perhaps Kallinikov stumbled across \hh substance in the coura of al¬ 
chemical experiments. 

One treatise on military engineering has come down from fiyzuijllus 
times. This is a Book of Machines of War by a writer who calls himself 
M Heron the Mechanic* 1 or “Heron the Second/' He is generally known 
as ‘■Heron of Byzantium," Whether his name really was Heron* or 
whether he used lhai name to capitalize cm the repute of ihc famous 
Heron of Alexandria {whom he calk KL Heron die Mathematician 1 ') there 
is no way of telling. 

His tiemfte, bowcw T contains very little that is new. The author 
frankly states fbut his purpose is to combine the works of the classical 
pclioreeiist^ mtd to express their teachings in up-to-date language for 
Greek had changed as much between Hellenistic and Byzantine limes as 
English has changed since Shakespeare wrote, 

Hcronk mMn source is PhHon of Byzantium. Like Phtkm, Heron tells 
of man dels, jugs used a* tank traps, the ram, the bore* the Hying bridge, 
the sambuea, and catapults. 

One of Heron's less practical ideas* taken from Philnn, is a pneumatic 
jcolltig (udder—that b, a ladder whose uprights are a pair of inflatable 
sausagc^hapetl leather bags. Another is a flying bridge decorated with 
i pair of gaping mode] heads of lions or dragons to frighten the toe. 
The section on catapults is short and perfunctory, as if the author did 
not understand these mechanisms very wcH- 

In fact T Heron adheres so closely to hh classical models that there 
would be little reason to date the treatise so bite, save that the author 
refers to a Bi%tr invasion in and to Greek fire. To beep the de¬ 
fenders of a wall from overihrowlng sealing Ladders, he advises that 
a flying bridge be maneuvered up to the wall and that on this bridge a 
™ st£md uad "attack the faces of the enemy with fire by means of a 
portable flame-throwing weapon/** 

Despite tile keenness of the By/anline mind in many directions* tech- 
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nology was not its strong point. Cnxftsmcn in Constantinople continued 
Eo mu Ire me chanic al toys hkii those of Pinion of Byzantium and Heron 
of Alexandria many centuries before, but Ihcj failed to develop these 
gadgets into machines of practical utility. 

In the desperate 1440s, when the Turks were dosing in* tin? patriarch 
Bcssarion, one of the Empire^ most learned scholars* wrote from Italy 
to Constantine Palaeoiogus, lord of one of the surviving fragments of 
the Empire, Bcssarion urged Constantine to scad young men to Italy to 
study Wes;tern technique, which had far outstripped those of Byzantium, 
He spoke of Western improvement* m textiles, glass* arms, ships, metal¬ 
lurgy, and ihe use of water power to save labor in sawing and In pumping 
bdtows. But then it was too tele. 

East of the Euphrates, the warlike Iranians ruled their vast, thinly 
peopled land of parching deserts und towering crags from the expulsion 
of the Macedonians in —D to the conquest by the Arabs in H-VIL Dur¬ 
ing the first hall of tins period the realm was called the Parthian 
Empire, because it begm En the province of Parthia. or the Amcid Em¬ 
pire alter its founder Arshaka, In -fill, a Ptrann kinglet overthrew the 
Parthians and set up a Persian dynasty called the Sassonid after Safari, 
an ancestor of the founder. 

The govemnnem under these dynasties was in some wap a continual 
lion of the Aehaeinenid Empire. [n others, ii resembled the feudal re¬ 
gimes that later arose In Europe, with grade* of nobility and a class of 
knights who fought *u unnoted horsemen. Although Iran was far inferior 
to the Roman Empire in population mid resources, the valor of its 
knightly class embScd Iranian rulers for sewn centuries to meet Romans 
and Byzantines on equal terms As a result, the Romans and Byzantines 
kept half their army on the eastern frontier, next to the only adjacent 
slate that was comparable to their own in culture and power. 

Lila the Byzantines, the Iranians were not very technically minded. 
But the kings kept up the roads and the irrigation write* especially the 
great canal network of Babylonia. From time to time they cither hired 
architects from the Roman world or employed those they captured tn 
war with the Romans to put up buildings, bridges, and oiher structures. 
A great irrigation dam at Shuster, still used in modern times* was built 
by captives from Antioch taken by Shapur I in his invasion of 4260* 
But the Persians did mi §o in for temple building, as the only regular 
Zormsirian sacred structure was a pair of lire altars out of doors.. 

The Erunhm buill many bridges, however, of which some survive 
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from the time of Shapur T (+BI). Eight such bridges, of which the 
foundations at (east probably go hack to -Sasunid times, still stand in 
Lori Stan, Another bridge near Susa, of which traces have survived down 
to modem tiroes was described by the Jranian encydoprdist Zakariyya 
al-Qazwmi (+XHI): 


fdady k a country lying between hpahan and KhuzUtan. subjret to entth^ 
quakes. The grcaies! wonder there ri the bridge Ha rah 2ad built by ArdeihirS 
mother over a dry urcam-hed. Thb mm water otily when a heavy rain falls; 
then iu water rises like a sea* at which lEme it ciLendi, over a breadth of LOCO 
cubits and reaches a depth of 1J0 feet. The structure, furthermore, narrows 
as it rises. The gap between i he foot of the banks and the bridge* w hich rises 
about 40 cubits from its base, is filled with a poured-oul mass of iron dag 
mixed with lead. The abutments on which the bridge rests, which project 
from she highesT pcjks above the farrdjK, arc composed of this substance* 
Thus the cmire rnicrval between tbe stream banks ?md the bridge is tilled by a 
mixture of dinkei^ and lend* The bridge has but i smote arch, a marvel of 
construcijon on account at its internht reinforcement. However* the bridge 
w;;% destroyed utici ihc rime of Matdai and Song remained in this condition 
to the detriment ci travel; during which rime also the neighboring peoples 
took away u large pan of the lead which reinforced the structure, At Iasi ihe 
repair of ihe work was again undertaken by Ateu Abdatiah Muhammad 
ihn^Mtmad ul^Awmu, who was the vizier of aJ Hasoii ibn-Buyas. He hired 
workers and surveyors and directed ail their means and clTon to this project- 
Mou of the workers had to be towered to the highest pari of the bridge by a 
wind lass in baskets and nets la rebuild tbe bridge, whose completion took 
many years* Mott of the workers were brought from tspuhim und Idzdy to 
thi* job; their daily wage, moreover, was over 350.000 piece* ot gold, aptui 
on things ennneeted with this hndgVj which still endures to our time and Ls a 
wonder la sa + ^ 


Building up ilk: abutments with a mLxlurc of dinkers and lead shows 
iha! I he Suvsanld Persians followed the extravagant Roman system of 
using molten lead us v-c should \m concrete. QazwinTs Laic also shows 
whin happened lo ail such installations sooner or later. 

The SassaniJ kings of 41V also built a pent palace at Oesiphnii. 
This was their capital on Ihe Tigris, tu>nheus| of deserted Babylon and 
downstream from the village or Baghdad. Part of this palace still stands, 
including most of the vaulted dining hall, "the widest single-span vault 
of unrein forced brickwork in the world” 10 

This vault is 77 feet wide af the base and 112 feet high. The hall bis 
small entrances at the sides ill one end, while the dher end vtiii 
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apparently left open or was closed only by a huge curtain, giving Lira 

effect of a colossal rent made of bride. 

The open end was tanked by ft pi/ of facades connected by tut arch. 
One facade collapsed in a flood in 19H0; the other, reinforced, still 
stands. Although these facades have been described as ’ l a masterpiece 
of bad taste, a surprising example of ihe unimaginative application of 
the bare principles of copy-book Roman architecture/ 5B i tic palace is 
suij an imposing piece of work for a non -technical people, and the 
soundness of its structure is shown by the length of time that parts off it 
have endured 

East of Iran lies India, a peninsula jutting out from the continent of 
Asia, having just about the same area and population as Europe. 

Although civiLizotkjft in India is almost as old as in Iraq, much less 
is known oi ha ancient history - There arc several reasons for this stare of 
affairs. Foi one thing, after the Aryan conqucsi, writing did not again 
come into wide use for many centuries. For another, the usual writing 
material was a paper made from palm fronds, which did not last long 
In that country of climatic extremes and abundant insect life* 

Finally, the Indians showed but little interest in history, Indian philos¬ 
ophy, with its doctrine* of endless cycles and the unreality of the material 
world, led Indian interests away from mundane events. Therefore most 
of what wo know of Indian history before the Muslim conquest b based 
on the findings ot archeologists and the wiiiing* of a few foreigners— 
Greeks, Chinese, and Muslims—who visited the land* 

Back in the days of Kharnmumbi of Babylon and Amenemhat III 
of Egypt—about -2000—a civilization flourished in western India, in the 
valley of the Indus River This civilization is be*! known from the ruins 
of two of its chief cities, Haruppa and Mo hen jo Duro l" Place of the 
Dead”)* The culture is sometimes called ^Harappan/’ These names are 
all modem, as wc have no idea what the people who lived m these cities 
called them. For, although the Hamppans had writing, the few bits of 
it that have come down have not been deciphered* 

The Birupptin cities were made of brick and laid out on ft standard 
grid pattern with a large temple area, a central hushing pool, and an 
elaborate drainage system. To some archeologists the layout suggests the 
authoritarian rule of a priestly caste. The work, though carefully planned 
and neatly finished, displayed little artistry or deconitwit* The walls 
tapered upwards with a pronounced batter, as in Egypt. There were 
corbelled arches hut no true arches. * 
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[a the middle of ihc second millennium ax, (he Aryans ns the e astern 
branches of (he Indo-European-speaking nomads called [htuiselvti, 
overran northwestern India, These barbarians extended [heir rule across 
the north of India and down ihe Ganges Valley to the Sea of Bengal, hut 
b the south their conquests were halted. In the ureas they conquered ilie 
cultural level declined, as it did in western Europe after the fall of Rome. 
People went back to simpler buildings of mud brick, wood, and bamboo, 
of which no trace remains today. 

The Aryans either imposed on the darker hut more civilized folk they 
conquered, or (more probably) took over from them, a peculiar form of 
social organization. This system is marked by division at society into 
castes. Each caste member it confined to certain occupations, alt strictly 
hereditary. Men arc forbidden lo marry or even 10 eat with persons 
outside their respective castes. 12 

The Aryans naturally Lave themselves the highest ranks in the system. 
The priests developed the doctrine that, if a man was been into a low 
caste, it was a punishment tor a 'in in a prior incarnation. If. in diis life, 
the sinner behaved himself, and if he respected and obeyed those in the 
higher castes, he might be promoted in his next incarnation This is per¬ 
haps the most diabolically clever method of making the downtrodden 
resigned to their tot that an ingenious species has yet thought up. From 
the religions of ihe Aryan invaders and their Harappan subjects, evolved 
the modern religion of Brahmanism or Hinduism, wiib its bewildering 
variety of gods, cults, tabus, and philosophies. 

The reason for going into these social matters is that the Indinn social 
system affected India \ technology. It made the country extremely con¬ 
servative. It purchased order and stability at the cost of progress and 
adaptability. Indian workmanship shows the qualities to be expected 
when the workman is bom into his trade and has no thought or hope of 
leaving it: extreme technical skill and finish coupled with an almost 
complete lack of progress from aye to age. 

An added factor in blocking progress in India was a Hindu religious 
tabu against sea voyages. This Tabu discouraged Indians from traveling 
abroad and teaming what the rest of the world was doing. 

Ocsprte India's long technical and scientific torpor, sonic modem In¬ 
dians like to assert that India luid airplanes or nuclear power ten or 
fifteen thousand years ago. The basis for tlicse ridiculous claims b the 
references in ancient Indian myths, legends, und epics to their heroes' 
magics! powers and devices. One could argue with equal eflcct, from 
the lines in the Odyssey: 
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^NcjiSIi ft th* drep black water it mallwed by mighty durybdis. 

Thrice sn ihc ds> doth she ^atLow H down amt thrice the rej<aeu it 13 

that the ancient Greeks had electric washing machines. 

When the great Darius conquered the Punjab around -515, Persian 
budding methods were introduced into Indin. However* the Indians long 
continued to prefer wood to alone for building. Even city walls were of 
wood, except for Rajugrihsi, the capital of the powerful kingdom of 
Magsdfra cm the lower Ganges, which had a wall of eydopean stone¬ 
work. 

Later, ScJcukos l fa successor of Alexander) sent Mcgasihenes 
(—III) as ambassador to India. An adventurer named Chnndrugupta 
Mauryu had conquered ihc Panj sib and Magadha and had huili him* 
self a new capital at Pas.dipuira (modern Parni) on the Ganges. Mcgas- 
ihcnes found the self-made emperor reigning in □ fine palace with vast 
hypostyle halls in the Persian tnanncf—but all of wood. Wooden pillars 
uphdd the roof^ and round these pillars twined golden vines whereon 
perched silver birds. 

milk Darius was conquering the western corner of India* a man 
named Siddharthii Gautama, bom an aristocrat m a small norLli-eemra) 
Indian nine, was walking about India in search of wisdom. When he 
became convinced tku he had found wisdom, he spent the rest of his 
life preaching It. Therefore his disciples called him Buddha, ''the en¬ 
lightened one.” Although be accepted the Indian belief in reincarnation* 
he ignored the swarming legions of Indian gods nnd put all his stress 
on right conduct and unsdholiness. 

In its original form* the austere creed of Buddha was less a religion 
than an ethical philosophy p comparable to the Stoicism of the later clas¬ 
sical world and the Grmfueiamsin of China. Subsequently. Buddhist 
theologian* fancied it up with a hierarchy of gods, demons, Buddhas, 
ex-Buddha*, and apprentice Buddhas. 

Our interest in Buddhism however, arises from the dunces it brought 
about in Indian build jog The new creed spread over India A later 
Maurya king, Ashoku 1 * (—1)1), conquered most of India and made 
Buddhism his stale religion. 

Before the Mauryas* most Indian religious structures had been un¬ 
pretentious little wooden shrines. The Buddhists, However, developed 
new types of religious structure. One was? a monastery, with scores o£ 
cells ranked about a compound or placed in tiers up a hillside. 
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Another a shrine called a ffrtfpu. housing I he relic of a Buddhist 
saint The main feature of the itupa was a large domed structure ou:r 
ihc actual relic. There were aho four symbolic gateways on the four 
sides. a tailed walk around the base of the dome, and in front of the 
main gateway a pillar bearing the Wbed of Life, 

Ar first the domes of stupas were tnade of brick, but under Ashoka 
they began to be mack of stone. Some Liter stupas had the dome squared 
off like the crown of a Victorian derby; some were stepped py ramids; but 
the standard form was the simple hemispherical dome, There domes, 
which littered the land like roc's eggs, were lopped with stone lintels 
of many shapes. 

After Ceylon (whose earfy kings built one of the moss elaborate ir¬ 
rigation systems ever attempted in ancient Limes 1 wem Buddhist, the 
stupas built there reached enormous size. In some the dome was over 
300 feet in diameter and the whole mon mural over 230 feet high, so 
that in bulk they compared with middle-sized Egyptian pyramids. 

When the Ceylonese king Duiliagammi I—It) began such a stupa of 
brick and nibble, he laid the fint brick himself while a band played, a 
host of dancing girls performed, and 441,000 men stood at attention. 
This king's construction resembled modem reinforced concrete The 
interior was built up of layers of stones, day, and networks of iron. 
To pack down the mixture, the ting had his elephants, shod with 
leather boots, march back and forth over the rubble. 

The third distinctive Buddhist structure was the rock temple. This 
woa a temple due Info the side of a rocky hill, as the temple of Rame>e$ 
U was dug at Abu SimbeL Such Lcmpbs might have some construction 
in stone and wood outside* forming an ornamental entrance. but the 
main pan was a series of artificial cam. Such structures were practical 
only in hilly or mountainous regions, It h thought that lhe work re¬ 
quired lo excavate such a temple was actually less than that needed to 
erect in the open, by the primitive hauling and hoisting means that die 
Indians hud* an equivalent structure of stone. 

The main part of such n cave temple was the choliya or hall of wor¬ 
ship. 1 his had an ornamental arched entrance, opening into an elongated 
hail with a row of pillars down each side, a roof shaped like «i ribbed 
barrel vault, and a small stupa m the far end. 

We must, however, distinguish these "arches” and "vaults 1 from 
tiimc of the Mediterranean and Euphr.itean worlds. Until the Muslim 
conquests, India knew not the Hue or voussoir arch, dome, and vault. 
The wooden buildings of India used structures shaped like niches, 
domes, and vaults, but all of wood. The wooden arch of India differs 
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greatly From the voussoir arch In its engineering principles, jxisrihittties, 
unci limitations. 

In [he village houses from which these wooden arches evolved, the 
shapes were attained by means of semicircular hoops of bamboo, 
ihatched with reeds, hi temples and p:tLaces. Lhc same shapes were used* 
But here the hoops became curved wooden beams, built up of shorter 
pieces mi Tied and dovetailed together with the immemorial skill of the 
Indian carpenter. 

When the Buddhists began digging their temples into hillsides, they 
simply imitated, in srone. the shapes employed in wooden buddings. 
Hence these pseitdo-nrchei and pseudo-vaults in solid stone. In fact, the 
masons copied the details of wooden construction with such meticulous 
care that we know quite a lot about the wooden buildings of Buddhist 
India, even I bough not one joist or lath from these buildings has come 
down front ancient times. 

Hinduism revived in —H For several centuries Hindus and Buddhists 
struggled for control with almost the zca! and cruelty of the monoihebtk 
faiths of [he West* In 4-fII a Hindu empire, that of ihe Guptas, arose. 
Thenceforth Buddhism declined in India and virtually disappeared by 
+VII, although it had spread hr and wide over the other lands of east¬ 
ern Alta, 

When Hinduism rallied, Hindus took to building cave temples also 
and continued to do so down to +X. The last Hindu work of this type 
was a set of huge temples at EUora in western India, standing in lhe 
open but carved out of the solid rock of a hill, which was cut away 
mound them. These monolithic temples had si curious parallel: the 
monolithic Christian churehes, chiseled from outcrops of solid took in 
ri-XII in Abyssinia, 

Resurrecied Hinduism not only copied the Buddhist cave temples 
hut also built large stone temples In its own style. Such a temple might 
be composed of a veries of separate buildings, or these buildings might 
lie run together into one. A typical temple consisted of four main pans: 
a porch or entrance way, a had of assembly, a vestibule, and a sanc¬ 
tuary. 16 The sanctuary comprised the dark, ccttTLke shrine room, hous¬ 
ing Ihe msin ikon, nnd towering over it a spire, the iMkhunt,^ There 
mijiht also he other auxiliary structures. 

The tt&bn t sometimes rising over 200 feet, was square or oc¬ 
tagonal in plan, with rounded comers and an intricately ribbed pa item. 
On top rested u large stone vhnped lik^ a HattcoeJ nmnni m or n 
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round cushion, so that die whole shikliam has the took of a huge, ornate 
sail shaker with a screw cap. 

The phallic symbolism cf these towers is well known. The temples 
of aberrant sects, especially the Temple of the Sun at KonArak m the 
East and others at Khyjuniho near the center of the country* are no¬ 
torious for iheir erotic carvings 

In the South, where the Aryans never established lasting rule, temple 
architecture followed other paths. The salient feature of the Souih In¬ 
dian or Dm vidian temple Coin pound was die gopurum or niomiitiennil 
gateway. This was u tall, tapering structure, like a huge wedge standing 
upright. Four such portals were placed tin the fom sides of the temple 
indosure. 

A gopitmm usually has a foundation df stone and a superstructure 
of brick and plaster, the whole covered with statuary. Being averse to 
blank spaces* Hindu architecture lavishly covets them with statuary 
and reliefs. 

Tie Indians used post-anddinicJ construction and also corbelled 
archer and domes. They built these domes by filling the space beneath 
the structure with sand and shoveling the sand out afterwards. Like the 
classical Greeks, they made but little use of mortar, preferring to hold 
the stones of their temples together with iron dowels. Large stones, like 
the capstone of a shikbara* were raised on high by hauling them up 
earthen ramps. 

Though technologically backward in some ways, the ancient Indrafts 
were skilled in iron work. One of their monuments h the Iron Pillar of 
Delhi, □ 24-fotit shaft set up by a king** about +415 to bear the statue 
of a garuda or man-bird, the steed of Vishnu. Although the gurada has 
disappeared, the pillar still stands. Is-, MMffiWe reshtunee to fusi is 
laid to the extreme purity of die iron and to the fact that most of the 
year the climate b too dry for nisi to get a start. The pillar is thought 
to have been made by welding together a series of iron disks and smooth¬ 
ing down (he outer surface by hammering and filing. About the same 
rime* the Chinese Buddhist monk Fa Hsyen, traveling in India, dbr* 
covered that the Indians made suspension bridges held up by iron 
chains. 

Ancient India was one of the few lands where the secret of gpixJ 
steel was known. In Roman times, two of the worlds main iron centers 
weie Austria ami tndb. whence sEcd of high quality was esported all 
over the civilized world. Then and Later ingots of Endian steel were 
token to Damascus, where SjTian smiths made them into the famous 
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Damascene sword blades. Elsewhere iron was made and used locally in 
small amounts. 

In the northwest of India, where Indian civilization arose, few archi¬ 
tectural relics of ancient time? have survived; for, in this teuton, man 
and nature haw combined to destroy them. From +VI on, the land 
was devastated by a scries of invasions by Huns and Turks, who ex¬ 
pressed their hatred of Buddhism and Hinduism by trying to destroy 
all the monuments and temples of these religions. Of the northwestern 
temples that the minder4 overlooked, most were toppled by a great 
earthquake in 111 19- 

Liltlc by little the Turks extended their control over the whole Indian 
peninsula; for the Indians, while they fought bravely enough, had with 
their usual conservatism not changed their methods of warfare in .1 thou¬ 
sand years. Muslim rate became complete with the foundation of the 
Mughal Empire by Babur of Kabul nt +XVL The thoughtful, hard- 
drinking, tubercular llabur defeated the vast but ill-organized Indian 
armies with that terrible new weapon, the cannon. The Turkish con¬ 
quest halted the development of native Indian technology and ends our 
concern with that land. 

The conquests id Babur formed ihc closing act of a movement that 
began with Muhammad ibn-Abdullah, a sometime traveling salesman, 
caravan leader, and shopkeeper of Maletolt or Mecca. Early in +VH 
Muhammad led a religious revolution in Arabia. By the time of his 
death in 4632, Muhammad ruled oil of Arabia proper. A little over a 
century later, the domains of Islam (literally “peace") stretched from 
Spain to Turkestan. 

At first this whole vast empire was under the rule of ihc Khalifith 
(“successor") or Caliph, In time the central power weakened. Parts 
of the realm broke away under separate Muslim dynasties. Other purls 
became independent to fact even though they paid lip-service to the 
Khalifnh. Finally the Turks seized the secular power in most of the 
Caliphate, leaving the Kh;ijifjh with spiritual authority only. For a time, 
however, the KhalifahV writ ran from Lisbon to Samurgaud. 

The first four Khali faht, friends and relatives of Muhammad ruled 
from Arabia. After battle, murder, and sudden death, ihe Caliphate 
came into the bunds of Mu'uwiyyah (+661) of the Meccan clan of 
Umayya. Mu'awiyyah made Damascus his capita). 

For ninety years the L'mayyads ruled from Syria, using the existing 
Byzantine bureaucracy. Their rule was on die whole tolerant. Islam they 
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regarded ns a racbi Arab movement. Therefore, they irieti to convert 
all Ambs—Christian, Jewish, and pagan—to Islam, but they made ii hard 
for non-Arabs to become Muslims. They wwUcd a Muslim Arab aris¬ 
tocracy to rate a non-Muslim, non-A mb* taxpaying populace. 

In conquered Lnm, however, thk policy was for various reasons re- 
versed. Here everyone was forced ip become Muifim. Zoroastrianism 
wa^ persecuted oue of existence, The religion of Dnriu and S a ssau died 
pul save among refugees who iexik it *■. India, where they became the 
Parsecs, 

Thereafter Muslim policy vacillated between tolerance and forced 
conversions. Where wholesale conversions were encouraged or com- 
pel fed. the original Arab aristocracy was soon diluted out of existence. 
Muslims* though speaking Arabic, worshiping Allah, and conforming to 
many Arabian customs, were superficialJy Arabized Syrians, Iraqis. 
Egyptians, and so forth. Of the i4 b% four 1 of Arabic science—ar-Rfizh 
af-BirunL ihn-Sina, and sbi+aLHaythum^all but the last were Irani¬ 
ans. and ibn-al-Haythum was bom oh ihe borders uf lnm at Basra. 
They were “Arabs' 1 only in the sense in whkh Hcrem of Alexandria and 
Apollodoro* of Damascus were ‘'Romans, 5 * 

In -hVII!* dissident Muslim dements overthrew the Umayyad Cali¬ 
phate and sei up another line, of the Arabian clan of Abbas. In +762 
the second Khalifah of the Abbassid line, the energetic and boundlessly 
treacherous al-MausCur, built a new capital on the south we si side of 
the Tigris, at the site of the ancient Babylonian town of Baghdad. Laid 
out by the Jewish astronomer Mashallah and the Persian engineer al- 
Nkiwbabhi, Mansur's Baghdad was (like PlutoS dream-city of Atlantis) 
a perfectly circular city. 3 T 0fK> yards across. A moat and a dyke sur¬ 
rounded it. Inside the moat rose two circular walls dose together. In 
the center of the circular city a small circular wall inclosed the royal 
predact and the governmental buildings. 

By + X. however, the wandering river had destroyed pari of Mansflris 
circular walls, and the bulk of the dty had shifted to thr northeast 
bank. Today Baghdad sprawls for miles along both banks of the Tigris 
Nothing is left of Manor's round town, and few structures from the 
later Abasaid period survive In 1258 Hulagu Khan** Mongob bunted 
the whole dty and mastered BtKUKKl inhubitatm, so that Baghdad 
did not again become important until modem limes. 

Under the Umayyad and Abbassid caliphs occurred an Arabic retiajs- 
sanoe of science. This is not so strange as it might seem, F at cm thing, 
the original Arabian conquerors were more civilized si the start than the 
Germans who conquered the West Roman Empire. They were quicker 
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than the Germans al mastering the arts of those they conquered, and 
they never killed off whole populations as did the Mongols Although 
many of the Arabs of the conquering armies were desert nomads, Arabia 
also had cities* writing, agriculture and well-developed trade and com¬ 
merce, Muhammad himself had been an urban merchant: 

Arabian engineering, as shown by the great dam of Ma'rib aod the 
multistory houses of the Hudhramawu was far from primitive. The 
greatest of these loll buildings was put up in -ST by an Arab ting 3 * 
to protect tus townspeople against the nomads. This was the castle of 
Ghuimian jn Yamun Lat^r writers said it had twenty stories, each ten 
dibits high* of granite, porphyry, and marble. Although the sire and 
splendor of this Arabian skyscraper have probably been much exag¬ 
gerated. there is little doubt that Gbuflidan was an imposing structure- 

The mere vetting up of a large and reasonably well-run empire, with 
a single official language and without internal b.i Triers, brings about 
muteriiii prosperity for a while. The abolition of national boundaries 
stimulates trade, which causes wealth to accumulate, which provides 
the means for scientific research and engineering works. Muting travel 
easier in itself stimulates technical progress because, as 1 have already 
explained, it increases the size of the InterconuTinnicaUng^ intercon¬ 
nected population, so that u discovery made in otic place quickly spreads 
to all. 

Et u only litter thal the shortcomings of such a government begin to 
catch up with its virtues. In the case of the Caliphate, one shortcoming 
waa the primitive political naivete of the Arabs. Politics in Islam never 
got beyond n simple* cutthroat scramble for unlimited power and 
privilege. 

There is no trace in early Islamic history of the evolution of con¬ 
stitutional government Government was despotism tempered by inef¬ 
ficiency. It was as absolute ax under the ancient watershed empires* 
without even the stability that the king’s divinity gave to those reidms. 
Ffence the Caliphate, like the third-century Roman Empire* wax kept in 
constant turmoil by palace plots and murders, revolts, and civil wars; 
and it proved easy for the Turks to subvert and the Mongols to destroy. 
Things have not utterly changed in modem Muslim nations, 

Arabic science owed something to un e&rtter movement that took 
place in Mesopotamia and souihwestern Iran. !n i-Vf. Justinian dosed 
the pagan philosophical schools of Athens. He and other Byzantine em¬ 
peror* also perxeedted dissident Christian sects, the Nertorians and 
Morwphysites. Hence many Byzantine scholars (fed to Iran, where the 
Sassunid king Khusrau helped them to set up a medical school at 
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Jiindi&hapur. Here, writings hi Greek and Sanskrit were Translated into 
Syriac and Persian. For two centuries Jundishupuj was the world's scien¬ 
tific capital. 

After Baghdad was founded, it outshone Jundtshapur as an intellec¬ 
tual center. For a century and a half, until about +000. the Khalifiihs 
employed scholars, mostly Christians and Jews, to translate the wisdom 
of the unbeliever into Arabic - 

As these (ranslations took effect. original Arabic science developed. 
En science, the Arabs were weaker in tbeon than the classical Greeks 
but stronger in practice. Where the Greeks had been mainly i uteres led 
in knowing things, the Arabs were interested m accomplishing things. 
Their main advances were in medicine, mathematics, chemistry’, astron¬ 
omy, and geography. 

During the great age of the Caliphate. Arabic engineering, while noi 
negligible, was not so outstanding as that of the Roman Lind Hellenistic 
periods. Although the Khalifahs kept up the roads and canals, they did 
not create such spectacular structures as the Pharos of Alexandria or 
make such striking advances as Sennacherib’s aqueduct or the Appian 
Way. In traveling, the Arabs were satisfied, like their forebears, to ride 
on the backs of animals. Hence there was no general paving of roads 
and no revival of the wealth of wheeled traffic that liad rambled along 
dte roads of Rome. And when the last ancient bridge across the Tigris 
collapsed in +X. it was not replaced. 

In fanificmkin. ihe Arabs continued the system of ba I. demented waits 
and lowers lhilt they had inherited from the Romans and Byiantuios. 
They preferred the square tower, which if more vulnerable was easier to 
build, to die more effective round lower. 

The Arabs made one advance in tonification (+VIII) which Euro* 
peans later copied. This was machicolation: the mounting of a parapet, 
trot un the main wall, but on a row of stone corbcK or brackets extend¬ 
ing out several feet beyond the main wall. Between each parr of brackets 
was an opening in ihc pavement, tilled with a trapdoor. When the trap¬ 
door was taken up. ihe defenders cetdd shoot arrows, drop stones, and 
pour boiling oil. molten lead, or red-hot sand stmighi down on the 
Heads of unwonted visitors wilhout exposing themselves to return fire. 

At BLimey Castle in trdand. visitors today are lowered down head¬ 
first through one or the machicolations to kiss the Blarney' Stone, which 
forms part of the bottom course of stones of the parapet. The Idea of 
machicolation probably arose from die stone latrines, projecting out 
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fc^m the skis of the outer wall, wiih which castles were often furnished 
from Byzantine lime* on 

The Arab 5 also revived the ancient practice of making the entrance 
to a fortress in the form of a dag leg He who would enter had to make 
a right-angled i am or two >ind could not,, from the miter gateway, see or 
shout into the inner courty ard. 

The building of houses continued in Islam much it bad before. The 
tasideKJut courtyard house was everywhere common. 

The one distinctively Muslim type of building was the mosque. The 
Er^i mosques were plain little bo*tike brick buildings, but the Arabs 
soon Scgan to build more splendid houses of worship. They borrowed 
wholesale from the architecture of the lands they conquered, using lie 
Byzantine dome and the Syrian pointed arch. They often made the 
voussoirs of their arches alternately of black and white siC3oe + as in 
the Alhambra of Granada and Suleymans Mosque in Damascus, 

Tlifi inside of a mosque has always been rather plain. The ody per¬ 
manent features, aside from the structure itself, art a niche in one wall 
indicating the direction of Mecca, and the pulpit. Muhammad's severe 
tabu on graven, images caused Muslims to avoid nli pictorial art other 
than conventionalized foliage, especially in mosques. It also incited rhe 
Arabs, in the first fine iconoclastic frenzy of conquest, to destroy a 
[nullfTilde of works of an that had come down [tom former ages. The 
Arabs themselves used geometrical pattern* and verves from the Qur’an 
for decoreUon instead. But the I tan tans* who had i» wdl-devdnptd pic- 
tonal an at the lime of the conquest, refused to take this prohibition 
too seriously, even after their conversion* 

Another distinctive Muslim structure is the minaret. a toll slender 
tower from which the mu'iidhdhir I calls the faithful to prayer Minarets 
in Cairo are now Ottcd with electronic public-address systems, saving the 
□iLTudluihins many woary climbs. The shape of the original minarets 
may have been inspired by that of the Pharos, and they may in turn 
have inspired the medieval Italian bed towers. 

The most remarkable minaret- was that built hy the Khali fall aT 
Mu*tu?im (+PC), Mu'tDfhn raised a corps of Turkish soldiery who, 
though excellent fighters, proved a trial In other ways. They galloped 
full-tilt through the streets of Baghdad and rede down the Baghdadis 
who therefore hated them and lynched them whenever they caught 
them alone. So Mu*ta$im built a new capital m Samarra. This included 
a conical minaret with a spiral path to ihe lop. This tower* looking like 
an ancient riggunit. still stands, 

Mu taslm s son MuiaWakki! tried to bring water to the new city by 
10 
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means of 3 canal But his engineers miscalculated, and the water failed 
in flow, So, after Mmavwkkfl'a death, the capital was moved back to 
Baghdad. 

The Lima)} ad and Ahbassid caliphs were great canal builders. Tne 
former extended ihc canal system by which Damascus receives and dis¬ 
tribute- the water of the Baroda River. The Abbassid caliphs did likew ise 
on ,i grand seal; with the canals of Mesopotamia. They cleared out the 
old SaisankJ canals and dug new ones. They redug the great NahnvSn 
auxsil from Baghdad to Kui-al-'Auulra, which dates back lo Babylonian 
times. 

Arabic engineers also made water docks like those of their predeces¬ 
sors. In the more elaborate Islamic clocks, when the hour passed, bails 
fell into bronze vessels, trumpeters tooted, drummers drummed, cymbal¬ 
ists clashed their instruments, and lights appeared and vanished. For the 
astrologfcflJly inclined, indicators showed in what signs of ihc zodinc 
Ihi- sun anil moon currently dwelt. The jack work was usually operated 
by strings, pulleys, and weights attached to a float that rose or sank. 

Gearing, long known but rarely used because of the difficulty of mat¬ 
ing well-fitting gears, now became common. The learned Iranian ai- 
Birfmi (+XI ) described a geared astrolabe by which the phases of the 
moon could be determined for an; desired dale by turning the main 
shaft. A son liar device, made in -rXHI by another Iranian engineer und 
looking something like a large brass watch, is preserved in the Museum 
of the History of Science at Oxford, And in 1232, Sultan Saladin-' 1 of 
Egypi. who gallantly led the Saracen host against the warriors of the 
Third Crusade, sent the Emperor Frederick M a gift of an oner} show¬ 
ing the movements of the sun, the moon, and the planets. 

Al-Jazafi, a leading mechanician and clotkmakcr of +X1II, intro¬ 
duced a waller wired as part of his striking mechanism. Water, poured 
into the buckets of the wheel at striking times, made the wheel turn so 
as to trip lugs and move the jacks, 

The idea oT perpetual motion a rose In Islamic times in connection 
with wilier wheels and water clocks. Arabic and Indian experimenters 
mounted closed tubes, partly filled with water or mercury, slantwise 
around the rim of a wheel. They hoped that the liquid would run to the 
outer ends of die tubes on one side of the wheel and back to ihc inner 
ends on the other, so that the side on which the liquid was farthest from 
the center would overbalance the other side and provide free power. 

So began another of man's many sruuk hums. For centuries, men 
tinkered with wheels, levers, pulleys, gears, pumps, and magnets, trying 
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to get a perpe told-motion machine lluir would work. Of course none 
ever did. The poor experimenters ihougM it was jtiat a miller of cal¬ 
culation and workmanship; they did not realm dui they were up 
against a law of nature. 

This idea traveled to Europe afticig with the rest of Arabic science. 
The notebook of the medieval French craftsman Vlllard de Honnccourt 
(tXHD has a sketch of a perpetual-morion machine, consisting of a 
wheel with a circle of mallets pirated round the rim. Not until tXIX, 
with the discovery' oi !be taw of conseratloti of energy, did the hope¬ 
lessness of this quest transpire. 

Arabic rmlbvrigbts actively developed water power. They floated 
barges on the Tigris on which they mounted mills of prions kinds, 
driven by undershot wheels. 

The first practical use of the windmill also took p!acc in the Caliphate. 
In i he vast dry plains of Scistan.. id northeastern Iran* a tremendous 
gale blows from the same direction for months at a lime. Here, a thou¬ 
sand year* ago, the dwellers in this forbidding land <ei up batteries of 
windmill* to grind their grain. Like Iraq, Seistan whs a populous land 
until the Mongols destroyed the irrigation system. Timm the Tatar 
devastated the country in -s-XlV in revenge for a wound he received 
there, and after Thai the land returned to desert and swamp. 

These windmills, some of which are still in use, are quite different 
from those wc are used to. Instead of a horizontal shaft like that of an 
electric fan, the Persian windmill hos a vertical shaft like that of a re¬ 
volving door. To make the wind blow' on the rates of one sick only, ihe 
Seistams put a wall of brick around half the structure, leaving an open 
space for die wind to blow through the other half. Thb scheme works 
rafy so long as the w ind blows consistently in one direction. 

Knowledge of the vertical-shaft windmill traveled to China* where 
the Chinese improved upon it. In the Chinese version* the shaft is also 
vertical. A bamboo frame work carries a circular array of slatted sails* 
like those of a juoL so pivoted that they catch the wind from any dT 
rectioa, 

Arabic science fell in so decline in ^XfT and +XUI t and Arabic en¬ 
gineering declined along with it. The most obvious reason for the stop¬ 
page of effective Muslim scientific work was the Turkish .*mJ Mongol 
invasions. 

The Turks, newly IsIh mired Mongoloid shepherds from the steppes of 
Central Asia, filleted into the Islamic world from f IX on. Fust used as 
mercenary soldiers, they soot* seized power Ln the Caliphate, much as 
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tie Germans seized the rule of the West Roman Empire. By 1100. al¬ 
though a Khalifafe still reigned in Baghdad, the real power in Idam 
was wielded by the Turkish sultans. 

These were no longer Turks m a strict ethnic sense. As a result of the 
Turks’ boundless appetite for the women of the conquered peoples, their 
original Mongoloid racial type disappeared by dilution in a few genera¬ 
tions. Suleyman the Magnificent f+XVi), the most famous of all [heir 
sultans, was a perfect example of the Armenoid type, which has pre¬ 
dominated in Anatolia ewer since Hittite days. 

The Turks excelled in :1 k martial virtues. Even their foes the Cru¬ 
saders found them brave, chivalrous, and sometimes even honest. But 
they had the defects of their virtues. They had little imagination and 
little interest in technical and scientific matters. These were a people who 
destroyed much but created little. They looked upon those it icy subdued 
much as they looked upon their sheep and camels. They built* or com¬ 
manded their subjects to bund, some fine mosques and pulnccs, but they 
invented nothing. 

The only technical field in which the Turks showed a progressive 
spirit was that of warfare. In this art, for a couple of centuries, they 
fed the world. In +XV, when European armies still it lied upon armored 
knights, clattering about on plow horses, the Turkish armies included 
companies of musketeers, clad in uniforms, marching in step, and firing 
by volleys. In 1453 Muhammad II, the Othmanli sultan, took Con¬ 
stantinople with the world’s most powerful artillery, including the biggest 
cannon of the age: : A measure of twelve palms is assigned to (be bore; 
and the stone butler weighed above -six hundred pounds- i _! Although 
these measurements are not consistent and therefore cannot be accuraie, 
h was still quite a gun. The Turks* supremacy in war enabled them to 
swallow up the Balkan peninsula and (wire besiege Vienna, until the 
Europeans caught up with them in the technique of organized bloodshed. 

The effect of the Turkish invasions on the civilization of Islam was 
compounded by the Crusades and by the outburst in +XITI of the Turks' 
kinsmen, the Mongols, Both Christian and Mongol invasions, especially 
the Imici. wtre highly dertraciivc. If the Turks looked upon those they 
conquered as domestic animals to be exploited, the Mongols looked 
upon them as nuisances to be extirpated. 

The Mongols erased the strongest Muslim power erf the time, the king¬ 
dom of Khu wo resin in Iran and Turkman. Northern Iran, which hud 
given Islam some of its greatest scientists, was almost depopulated. 
Jcngis Khan ordered his soldiers, when they had captured a Khuwares- 
mlan city, to cut oft and stack the heads of all the corpses, lest any hu- 
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man bdftg should escape by shamming death, Baghdad was fOTfd- the 
books af the great libraries of that city thrown into ihe Tigris, and Iraq 
turned into a waste. 

fA +XJV another of the same Itreed. Timur the Tatar, repeated die 
performance, dotting Asia with pyramids of human heads. After Liking 
Ispahan he made one of 70*000. 

As a mull of these devastation*, Islam underwent another change: 
a return to religion. Many caliphs hud been indiffereni Muslims—skep¬ 
tics, ntaterkbsls, winebibbcrs. In view of the disasters that had fallen 
upon Islam, the time was ripe for a return to the true faith. 

In -fXII and +XHJ lived two ol the greatest philosophers of the age. 
The first was an Iranian, al-Ghastili: the second, a Neapolitan, Tomaso 
d'Aqubo or Saint Thomas Aquinas. 

The pious and learned Saint Thomas (1225 74) spent much of his 
life arguing T at enormous length amI in liny illegible handwriting* that 
there was no conflict between science and religion; thal all truth was 
one, and that therefore Aristotle’s logic must fit the Christian faith. In 
fact. Saint Thomas promoted Aristotle to a kind of proOirisikn saint* 

The pious and learned GhnzzMI (1058-1111) also studied the sci¬ 
ence and philosophy of the Creeks but come to different conclusions* 
Afler mature and searching conside ration K he decided that these studies 
were harmful because they ^hmk mcnS faith in God and undermined 
religion: ^they lead to loss of belief in the origin of the world and in 
the creator. f>ig 

Europe followed Saint Thomas, while Islam followed Ghazzali For 
example, m 1150 the Khalifah of the moment pro™! his piety by burn¬ 
ing the books of a philosophical library of Baghdad. As a result of 
these diverging trends, science and technology flowered in Europe so 
richly and advanced so swiftly thal the rest of the world ts sriM breath* 
lessty trying to catch up. On the other hand, science in Islam withered 
sway, 

The real irony is that Ghazzali was right and Saint Thomas wrong. 
Science does shake men’s faith in God and undermine religion It has 
been doing so for many years and shows every sign of continuing to 
do so, Aj\o how it will ah end, mid whether this is a good thing or a 
had thing, only our remote descendants—if my—will be able io$ay. 

At the sunrise end of the Old World lies China, bounded by rise 
China Sea, the jungle* of southeast Asia, the high mount*inom plateau 
of Tibet* the Gobi Desert, mid the circc-f wetted Munch urian plains The 
jungle, plateau, and desert cot o5 China from tlw rest of the Main Gvi- 
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Iked Belt—except for it slender ten lade of territory where travel was 
possible. 

This strip of traveled land begins in China's nigged bat fertile north- 
west, in the province of Kansu. Thence it runs westward, between the 
Tibetan plateau to the snulb and the Mongolian desert to the north. 
Precariously skirting ihe feet of the Tibetan mountains, it creeps west 
to the oval Tarim Basin, larger than Texas, where the Tarim River, like 
a sluggish snake, winds across 4 howling waste to lose itself in a duster 
of reedy lakes. 

Some travelers skirted the basin to the north, along the bases ol the 
Tien Mountains, while others went south along the Kttnluns. After 
these routes rejoined at Kashgar, the travelers crept over the passes of 
the Pamirs. Winding between the Afghan peaks and the Turkmen desert, 
they straggled down into Iran, whence the way lay clear to the south 
and west- It was a rugged route but, once men had the camel, not im¬ 
passable save when the tides of war washed over it or it shriveled m 
the flames of brigandage. 

East of the Tarim Basin, from early times, dwelt a vast population 
of Tibetan mountaineers, Mongolian nomads, and Chinese peasants. Ail 
were of the same stocky, flat-faced, yellow-skinned Mongoloid race. Ail, 
probably, had once come from Siberia, for the Mongoloid racial type Is 
adapted to cold, ja<a as the Negroid type is to heat. 

Although connected by the slender umbilical cord of the Tarim Basin 
route with the other nations of the Main Civilized Belt, the East Asiatics 
were also isolated by the difficulty of the route. They were even more 
isolated than the people of India were by ihe mountains and deserts 
west of India. Hence it ts no surprise tbit Chinese civilization arose later 
than the civilizations of the Near and Middle East. 

Once it had arisen, however, there was continuous traffic over (he 
Tarim Basin route, from China to India. Iran, and the West. But. be¬ 
cause of tile length and rigor of this journey, ihe route itself acted as a 
filler. Things passed along it more easily than thoughts. 

Traders carried goods back and forth, but seldom did any single 
trader make the entire journey. Rather, each had a beat of a few hun¬ 
dred miles Back and forth be plied this beat, picking up goods at each 
end and reselling them at the other, but never gelling more than a few 
days’ ride from his home. Thus an artifact might be passed from hand 
to hand from Anyang to Babylon, but knowledge liad a much harder 
rime in making the trip. 

To judge front archeological remains, the first stirrings of Chinese 
civilization took place along this Irade route. In Kansu a prehistoric 
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Chines culture- comparable to that of early Stuner, blossoraed around 
—2000. When worthy Chinees history begins, however, the scene 
has shifted eastward a thousand miles* to northern Honan* Here,, around 
-1500, the Shattg emperor* of the first historical dynasty reigned from 
Anyang. 

Before trustworthy Chinese history comes a bt of pseudo-history. 
This is a mass of legend in which a few historical facts may be cm- 
bedded, as in the tales of Moses, Achilles, and Kina Arthur. We can* 
not T however* strain the mixture to separate the facts from the net ion. 

Thus the Chinese historian* tell of the emperor FuhL who invented 
marriage, the calendar, and the domestication of animate ; of Sfoermung, 
who invented agriculture; of Hwangtir^ who built roads and invented 
the oxcart, while his empress founded the silk industry and hh ministers 
invented well-digging- clothes, arithmetic, and other useful things. We 
rend that in the reign of Yau.- 1 a great flood caused the waters of the 
Hwang-ho—ihc Yellow River—to mingle with (hose of the Yangtze, mak¬ 
ing a great inland sea. The eminent engineer Yil spent many years bring¬ 
ing it under control and bier became emperor in his turn. 

Actually, these people are no more real than were Osiris, Prometheus, 
and Noah. But, with the rise of the Shang, real history comes to light* 
Many or ait of the Shang emperors may have been living mortal men. 
China then had a well-developed bronze-age civilization, with artistic 
bronze vessels and picture writing on homes and strips of bamboo. 

Thcsc early emperor? did mu rule anything like the area of modem 
China. They ruled only what wc should cull the norlb-^niral pan, 
within a few hundred miles of Anyang. Their realm was the watershed 
of the Hwang-ho. 

Nor was their power so absolute as it later became. The early emperors 
seem to have been mote like high priests, representing the people tn 
dealings with the gods, tbm secular rulers. Most political power lay tn 
the bands of local kings and lords. Nevertheless, when m emperor was 
buried P hundreds of people weft sacrificed surd buried with him. 

In —1)22 the Joti* 1 dynasty succeeded that of Shang and continued 
until —220. During the last ihiee centuries of ihk dynasty, however, the 
central power becume *t> weak and the lesser rulers so strong and quar¬ 
relsome ihat the time is called Lhe Age id Contending Stales, 

tn kite Jnu times trade over the Tarim Basin route became brhfc. 
Traders burned that westerners would pay its weight in gold for Chinese 
*iJL Silk was already manufactured on the Aegean isle of Koa from the 
cocoons of the local, wild silk moth, and Aristotle knew whence came 
thk filmy textile. But* when the superior Chinese silk appeared in the 
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Mediterranean in Hellenistic times, Greek silkworm culture languished 
Ji was supposed that Chinese silk had some origin different from chat 
of Me ..{itermnean sLLk Perhaps, thought the Greeks, il was a plant fiber. 
The question was not settled until -f VI, when a pah of Iranian monks 
smuggled silkworm eggs from China to Constantinople in their walking 
sticks. 

The 'ilk trade. which made the Tarim Basin route into the “Sift 
Route,” stimulated traffic in ideas its wcU as m material tilings, Buddhism 
trawled the route from western India to China. Chines iron was brought 
lo the West Later, the inventions of paper, printing, and gunpowder 
traversed the same route to westward. 

Several themes run through Chinese history. One b an alternation 
between periods of sircng central power on one hand .md of fetidal 
disorder L=n the either. Nevertheless even in times of invasion and an¬ 
archy + there was usually an emperor, or ^msebody who claimed ifr he 
such. This continued from Shang Times right down to she L4 Re public 11 
(which turned out to be just another dutch oi Coinciding States) of 
1912 . 

Hence there h a continuity and unity to the history of China over 
3,500 yettft that is not found in am otiier civilisation for any such 
period, There h no such sharp dlstinctim tn China between "anctettt Tl 
and “modern" as wc are uted to In European history. 

Another Chinese theme is periodica! bmsfon and conquest by the 
nomad* of Mongolia These, I hough racially much like the Oitottca 
spoke languages of another group, the Ural Abated They hod adopted 
the hone-riding, stock-herding, nomadic way of life from ihcii Aryan 
neighbors, such as the 5afcn£ t to the west. A* one or another tribe— 
Huns. Avars, Turks* Uighurs. Tatars. Mongols, Uzbeks-rose to brief 
supremacy, most of the nomads for a time wem by ihe name of the domi- 
□iin( tribe. But the distinction^ among them were sever hard and fash 
Possessing the extreme tumlihood, valor, and practicality that no* 
mad sc life demands, these people invaded Chinn whenever that country 
was we*k and made themsdves fords of large parts of it In time they 
were either driven out nr adsorbed * 

A no f her Chinese theme is the internal political conflict between a 
progressive or radical faction, interested in foreign explorations and yd- 
ventures and in scientific and engineering enterprises, and a conservative 
faction Wishing to res sore the c£rcnKnfc$ and alleged virtues of former 
times. 

Despite the many revolutions, Invasion^ md limes of anarchy that 
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have befallen ii Chinese civilization has remained remarkably true to 
Ok Si % :. mi res it developed b early days. These Culture traits include i(s 
emphasis on courtesy and ceremony its cdJous indifference to human 
life, its decp-TOcued xenophobia, and its skeptical nitictmJ, practical 
bent. The sheer sere of ihe land and of its population, its remoteness 
trvm other great powers, the diiTtoilsy of mastering its written language, 
and its centralized bureaucratic government have given it powers of 
resistance to foreign influence and of absorption oi foreign invaders 
unmatched elsewhere in the world. 

Pie mjicmlistic Chinese practicality, which contrasts sharply with 
Indian mysticism, governs the histn-ry of Chinese science and engineering. 
Chinese science. tike that of the Arabs, has always been weak in theory 
and ssrong in practice. Before the European scientific revolution, China 
was one of the worlds main sources of ingenious mventhns. For rn- 
stance, Jugo l yang,* 51 a grncral and inventor of (he time of the Three 
Kingdoms (+111). b said to have invented that valuable if humble ve¬ 
hicle. the wheelbarrow However, because at the ^-iiii-isolation of China, 
these inventions have sometimes taken many centuries to reach the West; 
it took the wheelbarrow a thousand years. 

Although China tm sometime* led the world in technology, vhc ha* 
usually lagged in pure science. One reason h that the two leading Chinese 
schools of philosophy have been anti-$eicntiik\ 

The most ins porta nt school wa^ Confucianism, For thousands of years 
this was (he official ideology, which aspirants to the wdI-organized civil 
service—another Chinese invention—had to master. Confucianism 
stressed ethics, mends, filial piety, and etiquette. Like Sokrafcs. its 
founder Kune Fu-dz 27 (—VI) or Confucius scorned science in favor of 
ndaih ms-hips among people. 

Tile nest most important school, Duuism or Taoism, affected to ad¬ 
mire nature. But the Dauists admired nature in a romantic* mystical way. 
The founder Lau-dz.-' an older contemporary of Kune Fw-dz. taught 
that man should adapt himself to the universe. Lau-dz never thought erf 
adapting the universe to mam 

Another handicap to science in China was the nature of the language, 
This tongue is very odd indeed. The classical or literary form of the 
language h made up of comparatively few sounds and these may be 
combined in only .1 limited number of ways. Only 412 different syllables 
ore possible. 

Moreover. .mother rule of the bnguap: was: One syllable ptt word 
Tins meant an absurdly small vocabulary. The use of different tones to 
distinguish words otherwise identical in sound enlarges the (1st ol pos- 
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sible v<xa*blcs to 1,280. but this is still a ridiculously small number for a 
civil bed longue. 

A* a result, any one syllable may have scum of meaning To diit- 
imjauUh these meaning, ihc Chinese i.&e a system of compounding. It is 
settle*lt4! as if we hud only the one word "cat 1 ' lor alt members of the 
cat family tmd hud u> diMinpitsh the lion, tiger, cheetah, ami pussycat 
as tiny-cat, stripc-eat* dog-cat, and house-cat. All languages do this to 
some extent, but none to the degree that Chinese does. In the spoken 
language such compounds arc tending to become permanent, forming 
polysyllabic words: but not so in the literary fora. The language is 
therefore jI-adapted to scientific thought, which needs a targe vocabu¬ 
lary capable of minute distinctions. 

Turning to Chinese engineering, let us first consider the art of building 
in China Since China has always been a large and varied country , with 
good internal eommumcoiicra and a rich variety of building niDtcrisaU* 
Chinese builders were never limited to one or two materials, in the way 
thal the Mesopotamians were confined to brick. 

Hcnco the Chinese early adopted a composite vtyEe of architecture f 
with stone foundations, wooden substructures, isle roofs, and brick 
here and ihere. Even w hen a house has walls, of stone or brick, the 
weight of its roof is still carried, not by the walls, but by wooden columns. 

The Chinese also knew the barrel vault from early times. But, despite 
thdr skillful use of wood, they never discovered the truss Instead, buiU- 
era held up their roofs by a complex system of posts, lintels, and brackets. 

The turner Chinese private houses have for thousands of years been 
built on the inner-courtyard pattern of the Near East. In pretentious 
projects like palaces, buildings of modest me lire scattered about an 
enormous complex of terraces, courtyards, and monumental stairways. 

A distinctive feature of Chinese building is the use of a curved roof, 
presenting a concave surface to the sky, in the Hail dynasty, which 
flourished at the time of Christ, Chinese roofs were straight as they are 
in most places. Some irme Later, ihey became curved. The roof comets 
arc often given on additional upward sweep, like ihc toe of a Turkish 
slipper. 1 he use of several rf>ofs r one above the other, ls. characteristic 
of Eusi Asian building. 

Regional styles evolved in China through the centuries: comparatively 
simple in the North, finridh 1 ornate in the South. The peculiar richness 
of Chirac building styles comes irom the lavish u^e of lacquer, gilding , , 
olid colored tiks. A distinctive type of Chinese building is \bc tu or 
pagoda, which evolved from the Buddhist stupa. This k a memorial 
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tower, usually attached to a Temple. ft a number of dories, each 
wilh a roof running around it. 

The Chinese also built bridges of the common primiiive types: float¬ 
ing, beam, and suspension. Later they developed more sophisticated 
bridges. The exact history of Chinese bridge bui Id rng T however, is hard 
to follow, because the existing old bridges have been repaired and re¬ 
placed so often that u?e cannot tell much about their original forma. 

However, the Chinese did develop some original methods uf bridge- 
building. They hung suspension bridges from cables made of hanitioo 
fiber, a strong and durable substance which they also u>ed for n hip's 
cordage and tnwropes. Bamboo b a two-phase material made of re Hu- 
lose fibers imbedded! in the woody substance lignin. The Chinese buried 
bamboo stems until the lignin rotted away and then dug up the fibers to 
weave into ropes and cables After ihc Buddhist monk Hsuan Dzang^ 
returned from India f+VUl) the Chinese began building suspension 
bridges: upheld by iron chains, like those of India, 

The Chinese also built cufimn wooden cantilever bridges, in which 
beams projecting out from stone piers act as bracket* to support the 
deck. And they bdli many *tone arched bridges, Mateo Polo describe* 
a number of these* some of them several hundred paces long and having 
ns many as twenty-four arches* with marble parapets and wooden roofs 
up hold by marble columns* 

After Chiim had long been convulsed by war* among ihc Conte mi tog 
States, the ambitious king of Tstn. Tun Jeng* ltfr conquered alt the other 
Contending States, chopped of! ihc head of anybody who showed a 
desire to go on contending* and about -220 took the name of Tsui 
Shi Hwmg-di 51 Wt may trcinstolc this with tongue onfy slightly in 
cheek as ‘'Mr, Tsin. the First Divine Autocrat/* 

The Chinese soon found thol they had exchanged King [ og for King 
Stork with a vengeance. T*in T China’s Ramises II, gave that nation its 
first strong. Centra Hied, autocratic rale. He dotted the land with 6(!M m 
sitiiucs of himself, standardized weights and measure, .irul slew his 
grandparents when they opposed him. He conquered China south of the 
Yangtze, where dwelt a number of comparatively backward peoples. He 
5cm a Oeet to look f<ir a rumored fairy fund, the Isles of the Genii: the 
explorers found Japan and sealed there, glad to escape Tsin s energetic 
tyranny* 

Naturally, these drastic measures aroused mixed feelings. Copse rva* 
tivts bitterly opposed (hem, To rhra^h ihc mailer om, Tstn called a 
meeting of his chief officials and leading sdwiarv After one of ihe schoft 
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ars had crilieized Tail’s Lruiuvatioits as severely as be dared, the chum 
cellar L\-sz* z spoke: 

Beware ibex idling scholar*! Bred oo Ihe past with senseless veneration of 
everything that is old. they cannot appreciate anything fresh [f you Issue ^.n 
edict, they enucize ii* language; if you order a new prosed they declare it h 
unprecedented. Their one test is, has ti been done before? They £0 about 
sowing unrtst and sedition among your subject. Their influence must be 
broken if lhe empire t* to prosper It is founded on hooks: destroy then the 
books. Their occupation will be gone, end none cam arise to succeed their 
generation of (hem Some books of course ihere are which are of v&hse. I ■re¬ 
serve alt |hat relate to medicine, huxbantlry, find dmuaticm: preserve alto (he 
records of this iEIusiritnjs, reign. Let all die be destroyed* break with t rser piist 
- - p with natural icicn&c, religion, medicine, and law be content* and let Ihe 
mere literary duties cease (o curse die Ltndl^ 

Trin so ordered While ihe ruthless ruler could not make a dean sweep 
of ali the litciuture in the empire* he came do*e tq it. Because paper hud 
not yet been invented books were srill written on strips of wood and 
bamboo. And because these strife were awkward and bulky, like Ashtuv 
banipal s clay tablets, books were far rarer than they later became. 
When horrified scholars protested Tsiu's book-burning, he had 500 of 
these reactionaries buried alive. 

But I sLn Shi [iwufig-dl also created a more lasting monument thnn 
his repute as a book burner. It was t in tertm of sheer size* the greatest 
single engineering work of antiquity. Alone of the work* of man. h 
could be seen from the moon. It is the Great Wall nf China* a greater 
wonder than .my of the Seven Wonders of the Greek writers, 

When he came to supreme power, Tsin disbanded the many little 
feudal armies of China. To cope wjih raids by the Mongolian nomads, 
known ui ibis time as Hun*, he commanded the building of a wall clear 
across the northern boundary' of Chinu, from the sea to ibe far north wcsl 

And so it was done. Under the direction of General Mtutg Tied, 
hundreds of thousands of workers—conscripted arrisuii^ soldiers, crimL 
nals, and paupers—were rounded up, Their first step was to lay out 
farms along the course of die wall and get crops started so that the army 
of builders should have & secure supply of food. 

The construction of ihe wall varied in different actions, according to 
tire local ouiiemb available. Parts of the old wnlls built by kings of the 
Contending Slates against each other and against the Huns were incor¬ 
porated where possible. tn most places, the wall was about 30 feet high 
mid 25 feet thick at the base, tapering to 15 feet at the etesL A paved 
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roadway ran along the top. On the northern side of this roadway rose 3 
6-foot crenelated parapet: a 1-fool parapet protected the southern side* 
In most sections, the core of the wall was rammed earth or rubble, 
while the sheathing was of harder material—ashlar masonry * rough field- 
stone, or brick and mortar. The roadway was paved with slabs of stone 
or brick. In the sections sheathed in squared stone, the masonry is of 
excellent workmanship. Manually! Tsin ruled that a workman who 
left a crack foci ween stones wide enough to stick a nail into should be 
instantly beheaded* 

At intervals of about 250 yards* watch lowers, averaging 35 feet 
square .rnd 45 feet high, straddled the roadway on top of the wull. Gate 
towers, to control traffic through the wall, were built at longer intervals. 
The road atop the wall was a practical route for marching soldiers, 
though the steep grades and the narrow arched openings in Lhe towers 
made it impractical for the ponderous Chinese chariots. 

Additional watch lowers and beacon towers were set up along the 
route, separate from the wall itself. There were altogether 25.000 towm 
straddling the wall and 15,000 detached towers. North of the waO, a 
zone 200 yards wide was fortified by a triple ditch with obstacles on 
the embankments Where practical, these ditches were Med with water. 

Like a colossal caterpillar, the wall stretched over mountain and vale 
for a crow's-flight distance of 1.400 miles, so that if its eastern end were 
in Philadelphia the western would be in Kansas- Counting all the bends, 
branches, and loops, it totals about 2,550 miles, fan her than from New 
York to Reno. In lhe eastern parts, north and west of Peking, the wall 
forked and rejoined to make a loop, and there was :□ long southward 
extension, Near the western end, a double loop and branch guarded the 
Kamu-Shemi region not only against the Huns to the north but also 
against the Tibetans to the southwest. 

The general form of the wall was much like that of the standard 
Chinese city wait The de^gn of the wall represented no special engineer¬ 
ing advance, except (or the scale on which it was built mid the way it 
functioned, Tsim you see, had a theory about his wait 
The wjU was not high ernnigfi or thick enough to hall invaders all by 
itself Nor wax it possible to station enough soldiers along its entire length 
to stop all nomadic raids. The Huns could always rush a section of wall, 
drive lhe local defenders to cover by massed archery, and get over the 
woll with scaling ladders. 

Bul while a man c.m climb a ladder, a horse carmni Therefore the 
raiders bad to leave thdr horses on (he northern side or the wall and go 
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dumping abmil the Chinese countryside tn their heavy boots. Without 
their horses they lost itio^t of their ftarsocneness amJ wtretasflj attacked 
by the local p raisons. especially when they were frying to get back over 
the wall with their booty, 

A targe Hu niris h army, by Imaging up battering tanas to knock (town 
a section of wall or by besieging oik of ihe gats? lowers. could get its 
horses through- Bui these tasks took time, during which targes Chinese 
armies could assemble near the threatened point. 

Twin's theory proved successful Ihe Huns, repulsed from China* 
surged westward, driving other nomadic peoples before them. Among 
the fugitives were the Goths, These Germanic folk, original!) from Swe¬ 
den, had set Up a short-Uved Russian empire, being the dominant power 
on the steppes until elbowed out by the Hun*. In their retreat, the Goths 
forced their way into the Roman Empire, to whose full Tsin thus in¬ 
directly contributed. 

Of course, if the Chinese were weak enough and the nomads strong 
enough, or if ihe nomads were led by a military genius like Jengis 
Khan, ihe wall did little good. The Jure lien Tatars proved this in ^XI! 
b> conquL-i-ipg the northern half of China and setting up the Grrf 51 
dynasty. A century- taler the Mongols repeated the feat, conquering not 
only the Gin but also the native Chinese dynasty of Sung in the south as 
well. 

iu the ages after the wall was built, weak emperors and fragmented 
empires let the wail decay H while strong emperors repaired it. There* 
(or* il b hard to say how old the various parts of the existing work are. 
Long stretches in the West are in ruinous shape, since the peasants 
have taken away the sheathing of stone and brick and the remaining 
earthen core has eroded down to a mere ridge. 

In lire Last, however, much of the wall is Mill in good condition Al¬ 
though the tail tie merits crumble here and there, weeds grow up between 
the Clones, and little gray lizards scuttle over the masonry. the wall w^uld 
vrill be ;in effective defence against sheepskin-clad, (ur-eopped aichers 
cm shaggy ponies. 

i sin Sin Hwang-dl did nut succeed in founding a lasting dynasty- 
When he died in — 2JO, hh son Tiin fir-shl^ promptly sliced the heads 
off his twelve brothers, leu risers* pud all Other relatives who might 
conceivably covet ihe throne But hh ability did not match his ruthless- 
ne£s. Revolts broke out, Aspirants fought rbc armies of Tsm and each 
other. Eight years later* a general named Lyon Bang™ ascended the 
throne us the first emperor ol the Han dynasty. 
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Meanwhile the Fim Divine Autocrai had been interred tinder the 
rained Mount F;il where. says folklore, his body floats on a pond of 
mercury to foil tomb robbers. Latet Chinese historians portrayed him 
ns a villain, which he Bui so are most autocrats; they have to be. 
In any casc, Tsin ranks as one of the greatest bulhfers of history; and 
bis wall was not only a grandiose idea biif+ in its time, ar outsuriding 
success. 


For thousands of years! Chinn ha* been a bud of canals, Chinese 
officials took much the same pride in the canals they dug that Roman 
patricians felt in the mads and aqueduct* they bunt. 

Most of these canals were of modest si/e. suit able for irrigation but 
navigable only to a limited extent. Although Chinese engineers kd ca¬ 
nals down v lopes through a scries of sluice gates, I hey never discovered 
ihe true canal lock Today* as a result of 3,000 years of diligent digging, 
there are ahout 200,000 miles of caitnk In China, the greater part in 
the lower basins of the Hwang-bo and Yangtze rivers. 

The foremost canal of Chinn is the Grand Canal the YOn-ho. which 
runs 1*200 miles north nfid soulh through the eastern part of the land, 
from Tientsin to Hangchow, No one emperor built it: it i% the result of 
engineering labors over mote than a thousand years. 

The Yun-ho wns built piecemeal Some pyrn probably go bade to Jou 
rimes, before —IIT The main work nf linking she parts was done by two 
emperors of the Swei dynasty - who reigned around — MKJ/ T A book oF 
burr units tells us Lhat 5;430,OW workers were conscripted for the work 
and guarded by 50.000 policemen. Shirkers were beheaded whenever 
caught Two million perished in the course of ermstruaion. 

These numbers have probably been inflated tike those of Xerxes" 
army, but the picture of masses of men toiling with simple took tinder 
ferocious discipline is probably true enough. In any case* the 5wd em¬ 
perors aroused so much opposition by their vnst public works that in 
4-617 the dynasty fell and was replaced by the Tang. 

Subsequently, the great Kublui Khan not only reaovuted the Grand 
Canal hut also built a branch to his capital of Khanbaltq i Mateo Polo s 
Cambafu) near Peking The finished canal was 40 pttucs wide. Roads 
rati ainug its banks, which were planted with willows and dms. Polo 
noted that it was “navigated by so many vessel ih;u the number might 
seem incredible, „ , , ft is indeed surprising to observe the multitude 
ami size of the vessels that are constantly passing and repussing, laden 
with merchandise of the greatest value/ 1313 
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Knowledge erf iron reached China from the West about —700, though 
lor a time it was used only fox tods and implements Bronze remained 
the standard metal for weapons. 

Then, however, Chirac iron-working technique swiftly improved. 
By — IV the Chinese had dis4xrvered bow to make cast iron. In Imperial 
Roman times China, like India, became an exporter of high-grade iron 
to the West. From +X to -rXV ihe Chinese made pagodas entirely of 
east iron, of which two or three sttjl exist. In f X they cast an iron statue 
of a Ikm 20 feet high, which still stands at Tsang-jou. The Chinese bd 
the more westerly nations in the development of iron-working machinery, 
such m a forge bellows in the form of a double-acting piston, which 
appeared some time m the fits* mi Herat mm of the Christian era. 

The most portentous Chinese inventions, however, hud to do with 
writing. In ihc latter years of +1 the eunuch Tsai Lun 5 "' became .i privy 
councilor of the emperor Ho-di and liter inspect nr of public worts. 
An official history written some centuries later explained: 

lrt ancient times writing was generally on bamboo oc on pieces of silk, 
which were [hen called fiJ' Bui silk being expensive and bamboo heavy, 
these two materials were noi convenient. Then Tsai Lun thought ot using tree 
bark. hemp, rags, and fish ners. In h- 105 he made a repori to ihc emperor on 
Ihc proce^ or p^per making. :ind received hbeh praise for hrs ahiJity From 
ihrv rime paper h;r. been in use everywhere and is called the “paper of Max- 
qui* Tsai. ’ 41 

For yncs ihc mortar in -Ahich Tsai Ltrn was supposed to b:\\£ mashed 
his mgs and fish nets was kept in an imperial museum. In actual fact, 
the invention of pa per-a thin fdt of fibrous materials—may have been a 
more gradual process than the story indicates. Several men tn succession 
probably contributed to the piocess^ as has been the case with most 
major inventions. 

Subsequently Tsat got involved in intrigue* among the emperoris 
womenfolk. This was an occupational hazard with imperial eunuchs. 
When commanded to appear before judges For examination, Tsai “went 
home* took a bath, combed bis hair, put on his best robes, and drank 
poisonT 12 

The new i oven l ion appeared when Tsm's decree* against die classics 
had }ust been rescinded It turned out ihsit while much tint! been lost sn 
the gnat burning, much atoo bad been saved. Some books hud been 
hidden away f while same old scholars had memorized parts of those that 
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had been utterly destroyed. So the daisies, with some gaps, were re¬ 
constituted. 

The new invention. paper, spread slowly, it had reached Turkestan 
m + V'lII, when i he- armies of Islam entered the land (torn the other side. 
Two Turkish tribes feuded; the Arabs took the side of one, the Chinese 
of the other. The forces of the Pmphct defeated those of the Tang em¬ 
peror tu a mighty hattle at the Talas River (+751) and drove the Chi¬ 
nese out of Turkestan. 

The Arabs, however, captured some Chinese paper makers and 
brought them to S'jiiujrtjand to practice their trade. By +793 the art had 
reached Baghdad; by -HsIOG. Cairo; by HOG. Morocco; anti by 1 1 50, 
Spain. During +XITI and +X1V paper spread over France, Italy, and 
Germany, ousting papyrus altogether and relegating parchment to official 
documents. 

The invent ion of printing, which followed that of paper and was 
dependent upon it, is not vo simple and straightforward a talc. Printing 
in the modem sense grew out of a number of different process, and 
cannot tell which of tbc^-c pnxesses contributed tlw most. 

For example, people had been stamping seals on documents for thou¬ 
sands of years. The seal might be made of stone, brick, word, or mciuh 
it might make an impression in day Or wax Babylonian kings had their 
names stamped on the bricks of their buildings. In China, about 1 V. 
a new method of fahjBrttsittg seals came into use. tn this method, inked 
characters were Impressed on paper by means of a wooden seal, as we 
do today with a rubber stamp. 

Another process that may have uintrihiitcd to priming was the block 
printing of patterns nn textiles 1 his method was known in the Mediter¬ 
ranean in Roman limes. If it did not originate there, it probably spread 
thither from India. 

The supernatural also entered into the evolution of printing, The 
Chinese placed great faith in written charms and spells to avert misfor¬ 
tune, To make the charms more effective, the Chinese made up seals 
bearing the charms, which they impressed in great quantities, first on clay 
and then on slips of paper. Et is possible though not certain that playing 
cards, another early application of printing, may have evolved from 
these charm prints. 

When this practice of printing charms reached Japan, the Empress 
Suiko and her co-ruler, tlw regent Shotoku f+Vflll had one million 
charms printed. Each charm was put into a tiny wooden pag«la, and the 
pagodas with their charms were distributed among the temples of Japan 
to guard the kingdom from m.iiefiecnt tuffuenecs. 
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All these experiments with stamps and printed charms mulled in 
Chinese block printing. The oldest known printed book was found by 
Aurel Stein, the intrepid Hunguto-BriUsh explorer, in 1900, Stein 
learned of a waled manuscript chamber in a Buddhist envc temple at 
Dun-hwang. in the northwest panhandle of Kansu. The chamber con¬ 
tained over 15,000 manuscripts I now distributed among British. French, 
and Chinese museums ) including this printed version of a Buddhist 
scripture. 

The printed book consists of seven large sheets tone with a woodcut 
picture) pasted together to form a roll or scroll. It ends with the state¬ 
ment (the date being translated into our calendar): “Printed on May 
U, 868. by Wang Jye,*’ for free general distribution, to order in deep 
reverence to perpetuate the memory of his parents." 

We have 5Smith seen that .ill ancient hooks on papyrus, parchment, 
or paper look the form of the roll In +1 the codex-a book made of 
separate sheets, glued or sewn together at oik side to make a tome like 
a modern book—appeared in the Mediterranean and gradually cook the 
place of the scroll. For One thine, it was lev; likely to be lorn if ihe 
reader dropped ft Furthermore, turning from one part of the book to 
another was much easier with a codex ihitn with a roll, of which ihe 
re-ider had to roll up one end while he unrolled the other. 

The codex must have traveled eastward as paper went westward, for 
anodicr book at the Dun-bwang temple was a codex, primed In 4 949, 
It was a code* of a transitional type. The text was written in the usual 
Chinese columns on one side of a long strip of paper. This strip was 
then Folded zigzag, like an accordion. The folds at one side were pasted 
together, so that each page of ihe book was a double sheet of paper 
printed on the outer side. 

During the time of disorder that followed the fall of the Tang in 
+907. printing books from wooden blocks become a well-established 
Chinese practice. Governments encouraged it, not u* enable the masses to 
own books—an idea that never crossed the officials' minds and would 
have alarmed them if it had-bui to make sure that the tests of the Ccto- 
fueiun classics and other important works were reproduced with absolute 
accuracy. 

We should not speak of a Chinese printing press, because no press 
was involved. The Chinese block printer bolds a pair of brushes at op¬ 
posite ends of the same handle. With one brush he inks the wooden 
block, on which the characters of a page have been carved in relief. 
With his other hand be toys the paper on the block and runs the dry 
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brush over the paper to insure full coru&ct. Then he peels off ihe p.ipef. 
An expert can thus prim 2.000 or more sheets a day, 

A by-product of block printing was paper money. After some 

preliminary experiments, paper currency W pul on a regular basis by 
the local government of ihc kingdom of Shu in +X. When the Sung 
dynasty reunited the country, this practice continued It worked Tine as 
long as the central government was si tong, wealthy, and pntdent enough 
to keep its notes at par. 

When hard, times and Tatar invasions around 1100 put a strain Oft 
the national finances, however, the inevitable happened. Finding it much 
easier to spend printed money lhati to extract It from the people by 
taxes, the government allowed the number of noies in circulation to rbe 
steeply. Hence the value of this paper *ank crus of sight. Chinn under¬ 
went all the hardships of runaway inflation until the Mongols conquered 
die country (1234-60)* The Mongo! or Yuan dynasty issued iii own 
paper currency, which likewise held its value until the dyna-siy got into 
trouble. 

Paper money reached Iran m -*-XlU mad led to the usual inflation. 
This hazard has persisted ever since in every country that has adopted 
this oonvenkiil but treacherous invention. 

A Chinese, Bi Slien.g H invented movable type: that is- type 

in which each character forms a separate piece, which pieces can be 
assembled to print a page and then broken up and redistributed until 
they arc needed again. Bi used clay types glued to an iron plate. 1 ^ler, 
types of iin and wood were found to be better In fXlV the Koreans 
developed the art of printing from movable cast-bronze type. 

However, movable type proved kss important to printing In the bar 
East than it did in Europe. The reason Is ihe nature of the Chinese 
written language. As in early Egypt and Sumeria, this script began as a 
series of pictures, one picture per word. In Chinn, however* ihcsc pictures 
never evolved into u phonetic alphabet* Although conventionalized and 
compounded in make up the familiar Chinese charnel ere. they have tc~ 
mained in ihe state of logographs i word-signs) or ideographs (idea- 
signs h a different sign being needed for each word. 

Knowledge of printing probably did not come through the Arabic 
world, which transmit led so much else. The Muslims never rook to 
printing, even when they knew about it, The only things they ever printed 
in quantity down to modern times were charm* and sacred text* believed 
to net as charms, us the Chinese had done Being in the state of mindless 
conservatism that followed the Arabic age of science* they rejected with 
honor the idea of printing the holy Qur'an. It had always been hund* 
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vfriuw. they said, and therefore it would be impious to reproduce it 
otherwise. 

Whot wss brought from China to Europe was the idea of block print¬ 
ing. The idea of movable type probably did not make the journey, be¬ 
cause the first European printing was block printing. In early f XV, 
enterprising Europeans began to do what their opposite numbers in 
China and (slam had dime. In response to a demand for cheap sacred 
pictures and texts believed to net as magical charms, they primed and 
sold single sheets. The existing screw press, then used on clothes and 
grapes, was adapted to this new use. 

About the middle of the century-, several Europeans were experiment¬ 
ing with movable type, of wood und of me ml One was j Dutchman, 
Laurens Janszocn Coster.'' Another «.is Johann Gutenberg oi Mai at 
Although Gutenberg was in partnership at various times with several 
people in Mainz, these partnerships usually broke up in lawsuits, because 
Gutenberg seems to hove been a litigious man. 

With the backing of his partner Fust. Gutenberg in 145ft printed a 
tremendous new edition of l he Bible. This was as big an advance over 
previously primed books as Fulton's steamboat was over its predeces¬ 
sors ’* Little is known of Gutenberg’s later life, except thui the arch¬ 
bishop of Mainz pensioned him during hi? Iasi years. 

Because of lack of records and Gutenberg's own secrecy, we do not 
know exactly what he invented and how the credit for the different steps 
m the invention should Ik apportioned- The only direct account of these 
events appeared in the Chronicle of Cologne for 1499. half a century 
after they happened. Although (he Chronicle calls Gutenberg the "in¬ 
ventor of printing," he certainly was not Some unknown Chinese had 
beaten him to h back in +1X. 

Some think that Gutenberg invented movable type, independently of 
Bi Siting, But some credit this invention to Coster, while others deny it 
to both Some think that Gutenberg'? invention was the adjustable type 
mold; others, tliui he was the first to adapt the screw press to its new 
task. 

tit any case, printing, like the steam engine, had no single inventor It 
was developed by a long series of inventors, known and unknown, over 
many centuries. There is no question, however, that it is one of the most 
important of all inventions in its contribution to civilization. 

The Chinese possessed geared machinery from an early age—some 
think as far back as —IV. They readily took to the devices developed in 
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the West in I he Hellenistic Ags mid In 41 began using water wheel* and 
norms. Chinese engineers preferred the horizontal water wheel to the 
vertical. The earliest known application of the water wheel in China was 
to work a bellows in the furnace of a forge. 

Water clocks of the Hellenistic type reached China as early as 4VJ. 
Chinese mechanicians elaborated them. Since the wheels of ihew com¬ 
plex clocks required more power to drive them than could easily he 
furnished by a float rising or falling in a vessel, the Chinese engineers 
drove their docks by means of water wheels. 

The biggest Chinee slop in clockwork was the escape mem. This 
mechanism makes it possible closely to regulate the speed of a dock and 
to drive it with a comparatively small power source. The find known 
clock with on escapement was built about +724 hy Lyang LingdzBEi.* 1 
Tills apparatus included j celestial sphere that turned with the heavens, 
a model sun and mis’fi that went around the sphere as the real ones 
seem Id tkt about the earth, and jacks that struck bells and beat drums 
to mark the passage of time. 

The bell of Lyons's clock marked the Chinese ‘'hour” or shi. which 
is twice the length of one of ours. The drum sounded a shorter period, 
the ko. This is ^ of a solar duy, or 14 minutes and 24 seconds on our 
lime scale Ukc more westerly peoples, the Chinese oripmUly divided 
day und night imo intervals. which stretched und shrank with ihv seasons. 
Later, about +11. the Chinese adopted o system of equal, permanent 
periods that stayed the some regardless cf the wanderings of dawn and 
sunset. This change made dock-making easier. 

In Liang's dock. “Water, flowing [into scoops], turned a wheel auto¬ 
matically. rotating it one complcic revolution in one day and night," 
The machinery of the dock included “wheels and shafts, hooks, pins 
and interlocking rods, stopping devices and locks cheeking mutually "'* 

“Pins and interlocking rods" describes the escapement, which was 
needed to make the wheel revolve so slowly. The escapement was pre¬ 
sumably a simple system of tripping lugs that held the water wheel 
against rotation until one scoop hid been filled and then allowed it to 
move only fur enough to bring the next scoop into the filling position. 
The water flowed from a system of vessels like thul of the traditional 
water cluck of the Ktcsihiun type. 

Lvang’s dock kept better time than anything seen before, although it 
would no doubt have seemed impossibly inaccurate by our standards. 
The delighted Emperor* 1 composed a poem, which was inscribed on 
the ecliptic ring around the celestial sphere: 
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The moon \n her waxing and waning Is dev err at fault 
Her twenty-eighfl stewards «etrrt her and never go .straying. 

Here at fast « a trustworthy mirror on earth 

To show us the skills ncYer'tmteniag and ncvcr-driayLng J™ 

After Lyang's lime, corrosion of the parts of bronze and Iron put the 
dock out of action, and it was retired to a museum, Later mechanicians 
built grjndoi clicks. In —976, Jang Sz-bsun 51 built j ekick that occupied 
a pagoda! ike Tower osier 30 feet high* This had ninet e en jades, which 
nor only rung; belts and beat drum* but also popped out of little doom 
holding signs to show the lime. Olhcr pans showed the movements of 
ihe heavens, the sun, ihe moon, and the planets. To keep his dock from 
being stopped by the freezing of the water in winter t lung rebuilt it to 
use mercury instead of water as the working fluid. 

The grandeii of these imperial water docks; was built by Su Sung in 
1090. Su Sung's memorial to the emperor Shen Dzung^ describes his 
dock, with diagrams. so that if anybody wished to do so he could re- 
construct the dock with fair accuracy today, 

At \hh time the Sung dynasty ruled most of China, though 3 nomad 
tribe* the Kuans, ^ hud conquered some of the northern province. Su 
Sung had u tons career in the imperial bureaucracy, HU eventual list 
of titles included: Official of the Second Titular Rank. President of the 
Ministry of Personnel, Imperial Tutor to the Crown Prince, Grand Pro¬ 
tector of the Arruy, and Kii-gwo Marquis oI Wu-gung 

When Su wa* ^ent on e mission to the Kitan court to congratulate 
the khan on having passed the winter solstice, he found that he had 
arrived a day too early. The Sung astronomers had cned by a quarter- 
hour in calculating The exact time of the solstice. Su saved his sovran's 
face by blandly lecturing on the difficulty of exactly calculating such 
events. 

But when Su returned \o the Sung capital of Riiifcng,* 1 he urged 
the Emperor to let him build a clock accurate enough to avoid such 
contretemps, Receiving approvals Su* like any competent engineer, built 
a couple of wooden pilot models, -me unafl and one full-sized* lo ^ei 
the bugs out of the design before tackling the final dock. 

The finished mne tunc occupied a tower ai least 35 feet high, counting 
die penthouse on top. Water, flowing through a scries of vessels* filled 
the thirty-six scoops of a water wheel, one after the other. An escape 
ment allowed ihe wheel la rotate, one scoop-intcrval at a time. The 
wheel revolved once in nine hours* while Use water fell from the scoops 
into a basin below the wheel* 
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The wheel turned a wooded vhiift hi Lrmi bearings. This skift by 
means of is crow n gejir 1 turned a long vented shall that worked all the 
real of the nmduony* to which it was connected by gearing. The ma¬ 
chinery included un antiiflary sphere fa *:! of graduntcd inneeding 
rings corresponding to the horizon. the ecliptic, and the meridian) hi 
ihe penthouse on top, Thera was also a celestial sphere, wnb pearls for 
stars, in the fDpjftory* and five luigt horizontal wheels bearing jacks. 

Some of these jacks carried signs to indicate Ok vhi. the ko r sunrise 
and sunset, and the watches of the night. Others marked there events 
by ringing bells and beating gongs and drums. Altogether Suk dock 
must have been an impressive spectadr K what with the continual splash¬ 
ing, the chiller of the escapement, tit? creak of the shafts in their hear- 
tugs, and the frequent outbursts Of drums, bells, and gongs. 

One shortcoming of the dock wn$ that it was not so placed that a 
natural source of water could power it Hence it had to be “wound up* P 
from time to time. This was accomplished by hand-turned water wheels, 
which raised the water from the basin, into which it cascaded from the 
scoops of the main water wheel, to tire reservoir above this wheel. 

In early +XU another Tatar people* the Jurehens, whose kings reigned 
under the dynastic numt H Gin, conquered the Riian lands and some 
Sting provinces as well In ] 126 they captured Kaifcng and carried away* 
to their own capital of Peking, So 5 clock together with mechanics to 
run il The captive horologists fouih u new tower and succeeded in mak¬ 
ing the clock run, after they had adjusted its astronomicai ports for 
the change of Latitude. 

After a few years* though, (he parts wore out, the clock stopped, and 
lightning wrecked the upper part of the lower. The Gin emperors left 
the remain* of the dock behind when they tied before the Mongols in 
the I260s t and it disappeared* 

Meanwhile the Sung emperors wanted another imperial clock. But 5u 
Sung was dead, and nobody could be found who knew the subject wiel! 
enough to btnid such a complicated mechanism. Similar clocks were* 
however, built under the Mongo! or Yuan dynasty. 

Al I hough lie was j n incapable ruler, rhe last Yuan emperor made 
a bobby or mechanical engineering and look part in the ccMtoiraction 
of tnJif-Wugging dragons and other automata, But when the Ming over¬ 
threw' the Ytian in 1368, all the clocks, tnrdiamciil dragons, nsnd olher 
machines built for the Mongol emperors were scrapped as "urclcre ex¬ 
travagances" 

Thereafter Chinese doctmaking languished. The Chinese went back 
to simpler docks, powered by water or faUing sundL In Late +XVI, Jesuit 
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missionuries arrived and began importing European clock* or building 
docks according to European design', to please die emperors. 

Mean time, however, knowledge of l be escapement media ittsm. pkr- 
neered by Lying Lingdran and Su Sung, reached Europe in early 4 XtV. 
As with printing, it is not known who brought ihs> knowledge, or when, 
or in how much detail. Europe at 1 his time relied on water clocks of 
the traditional Ktesihian type, as well as os sundials, hourglasses, and 
time candles- 

But European mechanics were already tinkering with improved times- 
keeping mechanisms. One such improvement was to drive the clock by 
means of a falling weight suspended from a chain wrapped around a 
drum. This is jn obvious development from the Ktesibian water clock, 
with its counterweight attached by a string and pulley io the rising float 
To slow the descent of the weight they tried brakes of various kinds, 
such as a little windmill driven through gearing, or a small drum, like 
the classical tympanum, charged with mercury that leaked through a 
pinhole from one compartment into the next. 

The Chinese escapement was just whai rhe dock makers needed* and 
in the early 1300s they put it lo use, In |364, Giovanni di Dcndi* of 
an Italian clock-making family, published a description of a weight- 
powered, t.icu pc merit-regulated dock which, except fur improvements in 
detail, is essentially a modem clock Dundi became famous, and .nlron- 
orners came from foreign lands to look at bu marvelous dock Galileo 
later substituted a pendulum fur Bondi's crown-shaped balance wheel, 
but in watches and 'Small clocks wc still use Ckindi’s device. 

The main difference between our clocks and Dondi's masterpiece, 
aside from improvements in detail and workmanship, is that docks have 
been dr.isiie.iity simplified since Bondi's time, t: lock makers gradually 
gave up trying to show not only the time but also the movements of all 
the heavenly bodies. Many grandfather clocks, however, still show the. 
phases of the moon. 

A few years after 150G, Peter Hcnlcin of Nuremberg invented the 
spring-driven watch, sc* called because it was originally used by watch¬ 
men. Henktn’* “Nuremberg egg" was about the size of a large modem 
alarm dock, hud a single hand, and hung from a chain around the neck, 
Early watches gave their owners much difficulty; as Maximilian I of 
Havana 1 +XVJU t used to say: “If you want troubles, buy a watch,"” 

When the Mongol army arrived before Kaifeng-once the capital of 
the Sung hut now iliat of the Gin-in 1233. the armies of the Gin 
checked the invincible Mongols for a while by secret weapons. One 
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called "hcavcn-shaklng thunder 14 was an iron bomb lowered by a chain 
from the city's walls to explode among the foe. The other, an early rocket 
calkd an “arrow of flying fire/ 1 whirled among the Mongol & with much 
noise and *mokc and iiimpeded ihcir ponies. 

Charcoal and sulfur hod lone been known as ingredients for been- 
diary matures. As early 1 ns 1044 the Chinese learned that saltpeter* 
added to such a mixture, made it fizz even mate alarmingly. We do not 
know who firs! Seamed that if you grind charcoal sulfur, and saltpeter 
up very the. mix them very thoroughly in the proportion of 1:1:3 5 
or IiJ:4 f and pack the mixture into a dosed container, it will, when 
Ignited, explode with a delightful bang. 

But somebody did so between 1044 and 1232, tl has been suggested 
that experimenters, believing that salt made a fire hotter because it made 
it brighter, iried various salts unfit they stumbled on potassium nitrate 
or saltpeter. The mixture was applied boih to fireworks and to the prim¬ 
itive military devices used at Kaifeng. An old Chinese custom was 10 
throw bamboo stems into open fires so that the bamboo should burst 
with a load bang and scan: away evil spirits. Firecrackers made of the 
new powder proved an even better demon repellent. 

The rocket probably evolved in a simple way from an incendiary ar¬ 
row, If one wanted la make a fire arrow bism fiercely for several sec- 
cmds. using the new powder, one would have ro pack the powder in a 
tong thin lube lo keep it from going off all at once. It would afro be 
necessary to lei the flame and smoke escape from one end of the tube- 
Bui, if the tube were open at the front end, the reaction of rhe dis¬ 
charge would be in the direction opposite to the flight of the arrow- and 
would make the missile tumble wildly. If the mbe were open to the rear, 
on the other hand, the explosion would help the arrow on its way . 

to fact, it was probably soon discovered that with a discharge to the 
rear the arrow did not even have to be shot from a bow. The forward 
pressure of iht- explosion,, inside the tube* would move tb© device fast 
enough. 

Although these new weapons failed to save Kaifcng, the lesson was 
not lost. It soon reached Japan. A Japanese woodcut nf 1292 show* 4 
hrave archer loosing his bow while hostile shafts whistle about him and 
a big Mack bomb explodes nearby. In btc +XIIL several writing? ap¬ 
peared describing gunpowder and irs properties. Strictly speaking, it was 
not yet 11 i*uiipowder” because the cun had not been invented. 

For instance, at some date in H-XIlt an otherwise unknown Manrhm 
Gfuccus “Mark She Creek." wrote Liber or The Bt>ok of Fire- 

Marc bus Sold bow to make explosive powder by 4 mixture of ' L one 
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pound of live sulfur, two of charcoal and si* of salt-pctcr." This would 
gHe a weak explosion. Albcrtus Magnus gave the same formula as 
Marchus, while Albert us contemporary' Roger Bacon recommended 
“seven parts of saltpeter, five of young hazelnut wood and five of std- 
fur.” 17 This would also produce a feeble bang. 

Moreover, about 1260 the Syrian al-Hosim ar-Rammnh wrote The 
Book of Fighting on Horseback and with War Engine t. Herein he told 
of the importance of saltpeter for incendiary compounds and gave 
careful directions for purifying iL He also told of rockets, which hc 
caDed "Chinese arrows." 

Thus knowledge of explosive powder was well established in Europe, 
Islam, and the Far East by 1300. As with printing and the dock escape¬ 
ment, we do not know just how this knowledge traveled from China 
westward: whether over the northern route through Russia, then under 
the Mongol yoke, or south through Islam. 

The Chinese performed some further experiments in the military use 
of explosive powder. They put It into tubes of bamboo, making the 
first Roman candles. Early Roman candles had alternate packings of 
loose and compressed powder, so (hat as the powder burned down from 
the muzzle, the solid lumps were thrown nut and bunted os they flew. 
Solid part ides such os stones could also be thrown with some force. 

The Roman candle soon reached Europe. Soldiers found that; 

... it is useful to tie certain uibes of paper on wooden forms to the ends of 
rhe lances nt the cavalry, or on the cuds of the pikes of rhe infantrymen . . . 
Then, having pul in a good fuse and turned ihc fire-c mining end toward the 
enemy and having (ted ir well to the lanee or pike, at [he pnper time cause 
them to hum u you wish. From ihe thing made m this way you will see a 
fearful and very hoi longue of flue nwre lhan I wo cubits lo ng, fult of explo¬ 
sion* and horror- 1 * 


While these Roman candles wuld not greatly harm troops who were 
used to them, they could frighten the foe's horses into bolting. 

The Roman candle was as dose as the Chinese came In the invention 
of the gun. Although the invention of ihc real pin is an obscure and 
disputed event, it probably took place in Germany, The Chronicle of 
the City of Ghent for 1313 stares that "in this year the use of gitns 
{bms.cu > was found for the first time by a monk in Germany.'" 1 * Not¬ 
withstanding that some consider (his document a forgery, rhe statement 
may be nor far wrong, because from then on mention of guns becomes 
more and more common. 

Thus a manuscript of 1326. Walter de Milcmete's De vfflcih regum. 




Fig. 20. Hand-gunner of shout 1400 firing his piece by means of a healed 
Iron bur t/rtwi Konrad Kycrer; Belliiorik, 1 ► 
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shows a primitive gun called a m*a or vase. This is a bottle-shaped 
thing shooting massive darts. An Italian manuscri pt of the same year 
mentions guns. In the 1340s, Edward 111 of England anti the cities of 
Aachen and Cambrai ail paid bills for guns and powder, 

A story about the origin of the gun appeals in the anonymous hire- 
y,orks-Book of the HI Os. According to this, one Konstantin AnklitttS 
entered ibc monastery at Freiberg a century previously and took the re¬ 
ligious name of Friar Gctchiboldus, although he was better known as 
Ben hold Schwartz; that is. Berthold the Block. 

Friar Berthold, the lale goes on. dabbled iu alchemy. He put sulfur, 
saltpeter, mercury, oil, and lead into a massive copper vessel, sealed it, 
and set it on the fire. The mixture- exploded with a frightful mar, hurling 
the lid of the pot against the ceiling and convincing Bert hold's terrified 
fdhw-monks that tic Devil had come for his own. Berthold, noting 
what hi* lid had done, went on to develop the gmi. 

Although it is a charming story, some historians of technology con¬ 
sider it fiction. Unfortunately the monastery of Freiberg and its records 
were destroyed in the Reformation, so there is no checking it at first 
hand. 
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Some of the earliest guns were of wood strengthened by iron hoops, 
or of copper and leather. Guns soon evolved into cannon and hand 
guns. The latter at first were small cannon bsheti to poles. which the 
gunner, held under the Sr anus like bnccs ar rest. Cannon evolved into 
long guns fnr direct fire and very short guns, called mortars from their 
shajv, for hiph anglc fire. For a time, balls of iron or lead were used in 
hand guns and balls of stone in cannon. 

Iron cannon balls soon replaced thoi* of stone, because iron is much 
denser than stone and iron balls therefore carried more kinetic energy 
for a given bore, Now cannon had to be made stronger and of smaller 
bore, because if a cannon designed for stone halls were fired wilh an 
iron ball of the same size, the gun would buret. Birlnguccio, writing in 
the 1530s, said of iron cannon balk: 

This is surely a very fine invention and a horrible one because of its very 
powerful effect, [r ts a new thing in warfare, because [as far as I know) iron 
halls shot from guns were never seen tn Italy before [host that King Charles 
of France brought here for the conquest of the Kingdom of Naples ii gflimf 
King FmaiidLno in tise year 1495,* 1 

The gun soon brought the feudal system tumbling down This was 
not accomplished h> shooting holes in the armor of knights. The early 
hand gnus were not so effective as ull that, They did not completely 
displace (be crossbow until +XVI. and they did not put the armor 
makers our of business until +XVU, three centuries after guns came into 
use. 

What the early gun did was to knock down the walls of the castles 
whence the local lonllings had domineered the conn try side and defied 
their king. By shattering the feudal castle* just as it had the walls of 
Constantinople, the cannon prepared the way for die era of sun-kings 
ruling by divine right. The lowering medieval fortresses with their draw¬ 
bridges and machicolations became mere relics. The new forties, de¬ 
veloped by Francesco -it Giorgio Martini, an Italian engineer in the 
service of the Duke of Urbinn <+XV), and others, was a low, sprawling, 
star-shaped structure of huge ditches and massive earthen embankments 

Meanwhile the hand gun in its turn Unproved until it outshone the 
cannon. As the flintlock musket, it became cheap enough for any citizen 
to own. simple ertuiigh for him to use, and deadly enough tn enable 
him to face regulars, Then the stage was set for the tall of tings and 
the setting up of republics. 
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Another Clines discovery was the magnetic needle, from which the 
mariner’s compass evolved OuktJy and rather suddenly around 1200, 
the magnetic compass came imo use all the way from the North Sea 
to the Yellow Sea. 

Many nations, from ihc Finns to the Chinese, have been credited with 
the invention uf ihb instrument The Morv from the Chinese end is as 
folio wsj A hisiory of +IV tells that the legendary' emperor Hwangdi, 
along with all his other inventions, also crested cornel hing called a ft 
rum-gu or sz-nan-gu This may be translated as "South-pointing chariot " 

Although Hwangdi is a legendary figure, there are several references 
to south-pointing chariots from historical times, from ~X.Il 1 to +XH# 
While the earlier references to this device do mt say just what it was, 
later allusions speak of it as a geared mcchnitism, 

So far the sonth-poinling chariot does not sound ai all like a magnetic 
compass and not much like a chariot, either. A modem theory holds 
that it was a cart on which wus mounted a pointer—probably a statuette 
with outstretched arm—on a turntable. The turntable was connected with 
the wheels by a differential gear* made of wooden peg-toolhed gear 
wheels As the cart turned in one direction, the statue turned ed the other 
at the same rate. Hence, if the statue were adjusted to point southward, 
jt would continue to point to the south during a \hott journey, winding 
through city streets. 

Tins would make an impressive magical device, like those which 
Heron invented for the Alexandrian prices. Probably the works were 
hidden and the gadget was used to awe visiting barbarians. However, 
the chariot could no* be employed as a compass over longer distances* 
because to do so would have required more accurate manufacture and 
smoother roads than existed in ancient China, Derek Price has calculated 
that if the wheels differed by 0J per cent in diameter, the south-pointing 
statue would be pointing north by the time ibe cart land gone two miles. 

The first definite allusions to the magnetic needle in China date from 
+VH| + when the Buddhist priest and astronomer Yi Hing is sstid to have 
observed magnetic declination; that h 7 the f:ict that the needle does nui 
necessarily pc?Im to the true north and south. By +XI the Chinese were 
□sing the needle—but not for navigation. They used it, instead, for the 
branch of Chinese magic called gcomancy. This is a system for locating 
houses, graves, and other constructions where the occult and spiritual 
influences wall be most favorable. 

The first Chinese reference to the mariner's compass comes from 
about 1100, A writer states that foreigners {Arabs and Persians* ar¬ 
riving at Canton navigated by i south-pointing needle. OI course the 
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compass needle points, south just as surely as rt points north But, since rt 
was early associated in people's minds with the Pole Stai-thc South Pole 
of the heavens being invisible from Europe even if diem were o suit to 
mart it—Europeans fell into the habit of saying that the needle pointed 
northwards. 

In Europe, the compass a first mentioned in a poem of 1 190, A few 
years later Cardinal de Vi try, who had been to Palestine with the Fourth 
Crusade, wrote that the compass came from ''India.’' One solution to 
the problem, then, is that the Chinese discovered the magnetic needle 
but used it only for magkal purposes. Muslim navigitmrs seized upon 
this invcm ion for navigation, and that knowledge reached Europe by 
sea in the course of the mass movements of the Crusades. 

An a! re native, which some scholars prefer, is that knowledge of the 
Compass—Or at least of the magnetic needle—came first to Europe over 
the SQt Route. It was first adapted la nautical use in the Mediterranean. 
Several medieval historians mention a certain Fluvio of Am alii as the 
inventor of the compass, and this Flavto may have taken one or more 
of the steps required to change a simple magnetized needle, hung from 
a thread, into the more sophisticated instrument of later times, with its 
rotating card. Then the Muslims, the theory goes, carried this improved 
in-truitietii back to China. There is no hard- and -fail proof as to which 
is right. 

In any case, the Chinese .soon borrowed back ihclr magnetic needle 
in the form of the manner's compass. The ships they navigated by this 
mean:: were then the largest and most advanced sailing vessels afloat. 

A junk of ibis type had a central, stempos! rudder fit a time when 
westerners were still using quarter rudders in steering oars. The ship was 
driven by the Chinese lugsail, stiffened with slats or battens of bamboo. 
This was the most efficient kind of sail then in use. 

A big ship had four permanent masts and two temporary ones that 
could he taken down in had weather. The hold was, divided into as many 
as thirteen watertight compartments, so that the ship could survive being 
holed. Crews numbered up to 600, In their day, these were the most 
seaworthy ships in I he world. 

In early +XV the Ming emperors sent fleets of those treat ships, car- 
tying 1 (000 men apiece, to cruise the Indian Ocean and extort tribute 
from petty kings as far away as Ceylon. At least seven such cruises 
took place, most of them under command of the Grand Eunuch, Jcne 
Ho.« 

f he Chinese showed equal enterprise in developing fresh-water cruft- 
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They built. about this time, boats propelled by paddle wheels turned 
by tread wheels. 

In ihe coastal province of Chekiang they developed the quaintest 
method known to history, and still in use, of transporting salt. The salt 
is put in casks, which arc pul OH Miiall flatboais, which are tied together 
in trains of as many ns sis. Each train is towed by a water buffalo, which 
swims along the canal under the guidance of a driver on the first boat. 
The people of Chekiang haw developed a special breed of buffalo for 
this damp duly. 

Until the Ming overthrew the Yuan dynasty in 1168, China ted the 
world in technology and engineering. Within the neat hall-century* how¬ 
ever, China hid lost this Lead, Chinese technical enterprise Unwed and 
Languished as had that of the Mediterranean world under the Romans. 

For one ihing, the Ming dynasty represented j nationaiistfe, conserva¬ 
tive, isolationist reaction against the rule of ihe hated Mongols, The 
Mongol* were never accepted by the masse* even after they (tad taken 
to Chinese speech and garb. As nationalists, the Mings and their sup¬ 
porters despised everything foreign am! discouraged contacts bet* celt 
their own people und foreigners. The Silk Route was dosed; the voyages 
to the Indian Ocean stopped. 

Lu the case of the voyages, the officers of [he army and the Confucian 
scholar* of the bureaucracy ganged up on the clique of imperial eunuchs, 
who had pitimoied this and Similar enterprise** Rcscni/ul of the power 
that these eunuchs had arrogated to themselves* the officers and scholars 
persuaded the entperots to confine the eunuchs to lesser duties. They 
contemned all foreign “barbarians 11 and anybody who tfcali with them. 
The scholar-bureaucrats, who got their jobs by passing stiff examinations 
hi the Confueion classics, were emu rally stuffed with the anti-scientific 
views of Rung FuhIz. 

Another cause of Chinese technical stagnation, advanced by Joseph 
Needham, is dun the overwhelming power oi the centralized Chinese 
bureaucracy, brought into being by the need for large-scale hydraulic 
works, smothered ihe growth of the vigorous capitalism netfettaiy for the 
promotion of the pure and applied sciences.* 3 

Whatever the relative importance of these supposed causes, Chinese 
science and engineering certainly became torpid, just when Europe was 
beginning its scientific and technological revolution. Although the Ming 
emperor* persuaded the Jesuit missionaries to ea si cannon for ihcm* the 
Jesuits and other foreigners were expelled in the early 1700s. Thereafter 
Cbm cm; military technics remained so static that, when Britain in 1819- 
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42 attacked China to compel the Chinese government to lei British mer¬ 
chants sell opium in Chinn, (he British easily scattered the spear-armed 
rabble the Chinese sent against them. 

While China, Islam, and the Byzantine Empire stagnated and India 
remained: sunken in mystical dreams of cycles and karma, medieval 
western Europe sprang into the lead in the useful arts of peace and war. 
By the time the older Civilizations became aware of the threat fmm this 
vigorous new culture, it was too late to catch up. except at the cost of 
drastic and painful revolutions in their own civilizations. 
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At firs? the decline of civil \ml\an iti western Europe., ;tfier Ihc 
fill] of Rome, was gradual- Wc Have the letters of iwo scholarly mcn t 
Sklonitii and Cassiodonls, who lived while I He barbarians were actually 
carving up the West Roman Empire into German kingdoms I hese let¬ 
ters show little awareness that the writers were living at a time ot great 
change, or (hat they deemed the upheavals around them unusual. 

In fflet, at the end of +YUI* civilization revived a little. King K-rl of 
the Franks—Charlemagne to u-i-conquered most of Europe from [He 
Oder to the Pyrenees. On Christmas, +SGO s the Pope crowned Owle- 
magne Roman Emperor, although this big, hearty, semi-literate German 
had even less in common with Augustus and Hadrian than did the other 
“Roman M Emperor to Constantinople 1 , Nevertheless this shadowy Lille* 
assumed by u Song line of German and Austrian kings* continued like 
an unlaid ghost to trouble the politics of Europe down to Napoleonic 
times, 

Charlemagne, however, tried to live up to his imperial ttik. To re¬ 
vive the Roman road system, be appointed a road commission and com¬ 
manded his feudal lords la co-operate with the commissioners. The 
commission repaired some old Roman roads and built others, but the 
wort petered out after Charlemagne 1 * death, 

Charlemagne also built *1 huge wooden bridge across the Rhine at 
Mainz. It took ten years to build. Then it caught fire-whether by ac¬ 
cident or arson-and burned up in three hours. 

II 
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In addition, the nfiw Emperor of Europe embarked on a grandiose 
plan to link the headwaters of the Rhine and Danube rivers by a r.inal 
But his engineers were noi up to their tusk They were defeated by quick* 
sands, heavy rains, and faqcofdmg to the chronicle*) by the hideous 
laughter of fiends at night, which terrified the workmen The ricrgjr, who 
wrote the chronicles, thought that God thus showed hU disapproval of 
changing rhe face of nature. A Rhine-Danube canal was finally com¬ 
pleted in +XIX T fiends or no fiends. 

Charlemagne*!! empire broke up at his death, and the Vikings began 
mi ding the lands of the former West Roman Empire, By +9QQ they 
had reduced western Europe to its lowest estate in a thousand years. At 
the same time, another wave of Mongolian nomads, ihc Magyars, rav¬ 
aged Europe far and wide from their bases in Hungary before they set¬ 
tled down in adopt the rudiments of civilization. 

During this age of chaos, Roman buildings were demolished to make 
crude fortifications of the stone. Communities tore up nearby Roman 
roads and broke down Roman bridges to make it harder for marauding 
armies to reach them. Most Europeans lived again in isolated village*, 
much as they had lived In the early days of the Agricultural Revolution, 
by funning and home manufacture. 

Then, little by little, civilisation began to recover. Mining revived in 
Muslim Spain and in Central Europe. Coinage, which had almost van¬ 
ished, came back into use. Venice began her career as the leading ship¬ 
ping center of the Inner Sea. And brisk manufacturing activity sprung 
ijp in the cities of northern Italy* 

Here too republicanism, which had seemed to perish from the earth 
with the triumph of Augustus, revived. And in -fXJH some Italian city- 
states gained eternal honor by being the first governments in the world 
to abolish slavery. 

Several importations and Inventions helped to raise ibe dismal Euro¬ 
pe standard of living Cotton and sugar carte were lot the first time 
planted on the shores of she Mediterranean. The horseshoe, already in¬ 
vented, came into genera! use. So did the new horse collar, which made 
it possible to plow with horses. Where oscra continued to be used as 
draft animals, improvements in their harness and the practice d shoeing 
them made their efforts more effective. 

A new kind of plow appeared in northern Europe. This was a heavy 
wheeled plow with a colter or knife to slice open the turf in front of 
the share. The colter made it easier to plow [he thickly grassed fields 
of the damp northern lands- 

Another source of power, ibt w ! aler mill* became common everywhere. 
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But water power was not now limited to ^wilt streams, because the tiilaJ 
water mill appeared in +X1, Millwrights built basins in bays anti estuar¬ 
ies, They let water run into these basins at high tide and oat again at 
low, turning water wheels both ways. 

During the Dark Ages, as the period from +VI to +X is tailed 
(though some modem historians dislike ihe term > , engineering and archi¬ 
tecture ceased to be recognized professions The work of engineers end 
architects was carried on by craftsmen such as master masons. During 
the decline, const rue litm in stone became rare. Wood and plaster were 
used instead, whence the familiar half-timbered medieval house. 

Kings and popes, using clerics as architects, continued to put up 
churches in the Romanesque style: plain, massive stone buildings with 
small windows and many round arches. The curious “central type of 
church flourished lor several centuries. This was built in the shape of a 
circle Of a polygon, with the altar and pulpit in the middle and the aisles 
radiating out front them like spokes. The emperor Constantine began 
the first of these churches, the octagonal Domus A urea, at Antioch in 
+327. 

The Literature of the time consists mainly of dryly terse monkish 
annals, religious tracts, and highly fictional lives of saints. However, 
technology was not entirely mute. Some time in +X, a certain Eradius 
wrote a book called On the Arts o/ the Roman! . 

About a century later, the Gentian monk Thcophilus wrote a longer 
book, which drew upon Eradius and other sources and which was called 
A Treatise on Various Arts (Schedule diver sarum artwm ) . Theophilus’ 
work deals with the arts that a cleric needed to know for decorating 
thnrchtfi. making religious vessels and other accessories, and illuminating 
manuscripts. He tells how to make point, glue, gold leaf, tin leaf, glass 
(clear and stained), metalworking tools, and wire. He captains how to 
temper a file, build an organ, cast a church bell, carve ivory, and cut 
glass. His first chapter rt called: “On the Mixture of Colors for the 
Nude,’* which is a little startling for a medieval monk until we realize 
that Theophtlus is merely giving directions for mixing the pigments for 
flesh rims in paintings. 

Among Theophilus' formulas is nn alchemical one that must have 
reached him from the Islamic wuild. It reads: 


There is ,‘dso a gold called Spanish ss'id. which h cmnpovd from red 
copper, powder ol basilisk, and human blood *nd acid. The Gentile, whore 
sktllfulntr^ m this an in proverbial, make huriiisli in ihn manner. They have, 
underground, i house walled with nones everywhere, above mid below, with 
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two very small windows, so myrow ihat scarcely any light cm appear through 
them; in this house they pi arc two old rocks of twetve or fifteen years and 
they give them plenty of food. When theae have become fat, through ihc heat 
of tberr condition, they unite and by e^s. Which being Laid, the oadt* are 
taken out and toads are placed in, which may hatch the cggs. K and to which 
bread h given for food. The egg' being hatched, chicken* issue out like hem 1 
chickens, to which after seven days grew the mils of serpent^ and immedj- 
alcly* Lf there were not a stone pavement tn the house, they would enter the 
earth- Guarding against which, their mailers have round wads of large 
size, perforated all over, the mouths of which am narrow, m which they place 
these chickens, and dose the mouth* with copper coverings and inter them in 
the ground, and they are nourishcd with the hue earth entering the hole* far 
six months- After this they uncover them and apply a copious fire, until the 
qnfmnk inside are completely burnt. Which done, when they have become 
cold, they are t^ken out and carefully ground, adding to them a third part of 
the b]uod of a red man, which blood has been dried and ground. Tlievc two 
com portions are tempered with sharp acid In a clean vessel: they then take 
very thin sheets of the purest red copper, and annojni this compoftibon over 
them on both skto, and place them ha the fire. And when they have become 
glowing, they take them out and quench and wash them in the same confec¬ 
tion; and they do this for u long time, until this compel lion iMoes through 
the copper, and il takes the color of gold. This gold is proper for all work. 1 

The mythical basili sk was a kind of pygmy dragon* which con id turn 
people to sione by looking at them and therdore was hunted with mir¬ 
rors in which it stared itself to death- Aside from this excursion into 
magic, however, Tbcophilus" work is sober and sensible. 

Another factor tn the re viva] of European civilimrion was the im¬ 
portation of literature from lands where tetter* fuid never fallen so low. 
Moreover, some Roman writings had been saved in the binds of the 
former Western Empire by Benedictine monks* who copied and re- 
copied lhe manuscripts as a work of merit. 

From -hX on* other manuscripts trickled in from the Byzantine Era- 
pile and the Caliph rate. Some wen* Greek, some Arabic translations front 
Greek* and %omt original Arabic works. As Greek and Ambic were al¬ 
most unknown in western Europe, ihr-c workr, had ro be translated fnio 
Lutirt* the international language of (he time. The main center of the 
work of translation wjis Spain, and many of the translators were Jew?;. 

At the beginning of +VIll h the Muslim* conquered all of Iberia ex¬ 
cept a strip along the northern coast. Arab role was in many ways more 
endurable than the Roman-Vmgothtc govemmciu whose place H took: 
but the Anib$, with their usual political feddesaness, quickly broke up 
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into & lot of quarreling petty states. In the North a similar group of 
Christian states look form and began to win the Spanish peninsula back 
from the Muslims. 

For most of two centuries, Iberia was a constellation of Muslim and 
Christian statelets, which fought incessantly. Not taking religion too se¬ 
riously. a Christian and a Muslim lord often cheerfully formed an id- 
linnet: to tight other Christian or Muslim lords. 

Despite all dm jovial murder and mayhem. Muslim Spain was at this 
time the most civilized pan of western Europe, tn this lively and liberal 
Christian-Muslim Spanish world, most of the translation of Greek and 
Arabic works into Latin look place. 

At the cod of +XII, however, a wave of Berbers from Morocco, newly 
converted to Islam and filled with the fanaticism of ignorance, overran 
the peninsula. Comb ini tic the politics) anarchism of the Arabs with a 
brinish hatred of thought and knowledge that was all their own, the 
Berbers soon ended the Golden Age of Muslim Spain, without being 
able to stop the advance of the Christian stales. 

Their fanaticism aroused a counter-fanaticism among the Christians. 
The Church became ever more powerful in Christian Iberia, It imposed 
such effective thought control that, even while Spain was rising to be the 
leading power of Europe (+XV1), it was also becoming the intellectual 
cipher that it has been ever sin«. 

The terms ,r Mtddlc Ago 1 * and “medieval" are not hard and fast in 
meaning The age called by those names can be extended from the fall 
of the West Roman Empire around +500 to the beginning of the Age 
of Exploration around 1500. Some historians, however, prefer to con¬ 
sider the age a shorter period Moderns invented these terms to denote 
the interval between classical times and their own. 

Of course, medieval folk did not think of themselves as medieval, 
or as mere intermedia between the ancients and the future. They thought 
of themselves as modem, advanced, and enlightened people. Tlie name 
“Age of Faith” belter tkscrihes the medieval period, because during this 
millennium the conflicts between the major mono [hemic religions. Chris¬ 
tianity and Islam, and between the sects and schiiini within these faiths, 
were a major fact of life. 

The twelfth and thirteenth centuries are sometimes called the High 
Middle Ages, especially hy people who idealize ihis stage of man’s his¬ 
tory. During these centuries, ihe things that we think of as particularly 
medieval reached their peak. This was the great age of knighthood, of 
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ttrtfes *"d cathedrals, of the Crusades, of feudalism, of troubadourisni, 
and of scholastic philosophy. 

["he High Middle Ages were also a time when feudal lords ft Might 
each other almost cootiuiioiLsly, Thev were a tinra of extreme see deism 
and riotous self'indulgence Costume was extravagantly colorful, thanks 
to Lmpmvamenis in the loom and in dyeing; gems glittered wilh ne^? 
brilliance as a result of the recent discovery of faceting. There were 
framed outbreaks of religious hysteria, fanaticism, and cruelty, result¬ 
ing in such monstrous mischiefs as the Children's Crusade and the mas* 
Sacres of heretics and Jews. Superstitious supcmaiuralism. typified by 
the twelve Holy loreskins venerated as relics in various churches, ran 
wild. Literacy was stiD so scarce tim\ in 1215. King John of England 
did not sign the Magxm Carta, because he could not write. He affixed 
Ms seal Instead, 

For uv the High Middle Ages were the time when engineering re* 
gained most of the ground lost after the fall of Rome. In some ways, 
technology advanced w^sll beyond its classical prototype 

During this time, also, scholars thought and speculated about the bo- 
havior of matter They pondered the nature qf morion. force, and gruv- 
ity, Later on, their reasonings became important to engineering when, 
in the early modern pcnod T science and engineering came to depend 
on each other. 

The work of the scholars did fKiT. however, much :i fleet the engineer¬ 
ing prfflke of (Mrown lime. At tlht^r early dmc, engineers were anony- 
mm,s draftsmen who worked by rale of thumb. taing the skills handed 
down to them during their apprenticeship. They had link to do with 
Scholars and scientific principles. 

Medieval scholars included some very intelligent men and acute rea¬ 
soned. They made some progress in straighten ing on I physical concepts 
although they worked under handicap. For one thing, like the arcckirt 
Greeks, (bey made link use of experiment 

Furthermore, most medieval thinkers took Aristotle's diictrines in 
physics as baric truths As these doctrines were nearly all wrong, the 
medieval scholars advances in physics consisted fora long time of find- 
in§ the errors in Aristotle and laboriously convincing their colleagues 
that '"the master of those that know/* as tliey called him, could niate 
mistakes. 

Finally, *he scholars hud difficulty in handling ^uch concepts as force* 
mass, weight, distance, velocity, and acceleration because nn hard-and- 
fast. cltar<UL agreed-upon use of words had yef been worked out. 
Hence, when a medieval scholar wrote of ^quantity of motion/ 1 it is 


The European Enginf trx 319 

hard to ietl whether he meant the distance an object moves, or its 'fpced, 
or sortie combination of these, 

A leading scientific scholar of the High Middle Aces was the English 
monk Roger Bacon (1214-92) Having studied at Oxford, Bacon spent 
most of his adult life as a lecturer ui the University of Paris. 

Although his voluminous writings summarized much of the scientific 
beliefs of hh period and added something to human knowledge. Bacon 
has been overrated in modern times. For most of the last fifteen years 
of his life he was imprisoned by bis fellow Franciscans for uttering 
"ttovdtics/* the nature of which fc not known. Therefore, many have 
supposed that Bacon was a scientific martyr persecuted by ihc Church. 

From the seamy records, however, it appears that tiucon was re¬ 
ligiously more orthodox than those who condemned him. He may have 
gotten into trouble for any of several possible reasons: because he vio¬ 
lated a Franciscan rule against writing books’ because he was ^ quarrel¬ 
some man who berated has colleagues as ignorant asses; because his 
friend Pope Clement fV* on whose protection he counted, died; and 
bstiy because he got involved in a power struggle within the Franciscan 
order. 

Nevertheless, Bacon's works contain many interesting features. He 
wrote much of value on optics, allhough most of his ideas on thk sub¬ 
ject were taken from the Muslim scientist ibn al-Huytham He wrote 
the first known European account of gunpowder (at least, the first of 
whr*se date we can be fairly sure) and foresaw its use in warfare. He 
preached the Importance of experiment when most clerical scholars 
avoided it as dangerously close to black magic. 

On the other hand, much of his work wc should call superstitious* 
He attributes the victories of the Mongols, then sweeping Ask tmm 
Honan to Hungary, to the Mongols’ having better astrologers than their 
foes And, because his writings did not begin to be published until 
4XVITF Mil a millennium after Bacon's time, they had tittle influence 
on the development of science and technology. 

In a famous passage, Bacon predicts the results of applying experi¬ 
mental science to the useful arts: 

Vessels can be made which row without men, so rhm they can sail onward 
like ihe greatest river or sea-going craft, steered by a single man; and their 
ffpeed is greater than if they were filled whh oarsmen Likewise carriages can 
be built which are drawn by no animat hut travel wfth Incredible power, as 
we hear of the chariots armed with scythe* of the ancients. Fly mu machine* 
can be ccvistructcd, so that a mao, sitting in the middle of the much me, guides 
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it by a Willful mechanism flnd traverses the air like 3 bird in night. Moreover, 
instruments can he made which, though ibcrmclvc* mhuII, suffice El> ruse fir 
Id pre^ down ihc heaviest weight . . . Sim e3.it insEmnii^h can 3 k- constructed* 
aych as Alexander the Greet ordered, for walking on the water or for diving . 1 

Furthermore, Bacons studies in optics convinced him that: 

If & man looks at letters or other small objects through the medium of a 
crystal Of of ghsa nr of sonic other ErunsparcnE body placed above the letters, 
and it is she mudler part of a sphere whose convexity it toward (he eye t + . * 
he will we ihe letters much heller arid they will appear larger to him - * * 
Therefore (Ms iflitrtimeni fa useful to the ug^d ami those with weak eyes. For 
they can *ec a teller, no mailer how smalt niffidcntly enlarged . . . The 
wonders of refracted vision jtc Mill greater; (inr it ti easiiv shown by ibe rules 
siMed ihat very targe objects can be made to appear very small, and the 
reverse* and very distant objects will ttem very' cl Die at band, .ind convene I j- 
- * . Thus from an incredible distance w* might read, the smullc&i letters 
and number oi grains of dust and sand . , , So also wc might cause the sun. 
moon t und stars in appearance to descend here below , . ,3 

Now f Bacon never built a telescope or an airplane. Neither did he 
leave instructions that would enable others to build them. Therefore 
these statements hy Bacon are imaginnlive speculations, not actual ad¬ 
vances in science and engineering, 

Nevertiidcss, Bacon’s speculations have their place in the stor}' of 
the growth of knowledge. An invent km must be imagined before it can 
be built, even though he who imagines it may not be he who reduce?, it 
to practice, From Bacon's time on, more and more erf such conceits 
found their way into writing. When these inventions bad been imagined 
often enough, people became sufficiently used to the ideas so that some 
actually began tinkering. Thus* hide by lithe, Bucorfs imaginar y devices 
became realities. 

Bifcon was bui one of many medieval scholars who busied themselves 
wkh physical problem*. Bis comemporarv Jordanuv de Ncniorc ad¬ 
vanced the science of statics, the analysi.* of (be forces in ;i solid fciruciure 
bearing a load. He then attacked the problem of resolving a force into 
its component 

In the nest century H-XIV) a group of English scholars at Merton 
College* Oxford University, straightened out some ol {he confusion in 
temis concerning motion, velocity, and acceleration. At the same time 
the French scholar Jean Buridan e* plumed the behavior ol moving 
bodies by a theory of impetus'" not far from the modem ihemy ol 
inertia. 
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Others, too, speculated and invented. An English monk, Eilmer of 
Maimsbury (—XI) buih a flying machine—a son of glider attached 10 
his amis and legs—and leaped from a height. He crashed and broke 
both legs but, though Imnc ever after, Lived to old age Perhaps he had 
heard of a previous attempt at flight by a physician, gJ lis> maker, mu- 
sicinn, poet, and inventor of Muslim Cordoba, ibn-Fim;'is (+IX), wflo 
also crashed, injuring ha back. 

Mol much record remains of the thinking of the practical engineers 
of the Middle Aga-thc cathedral builders, the catapult makers, and 
the millwrights. One of the few such records is the notebook of the crafts¬ 
man Villa rd de Honnecourt* about 1230, It consists of thirty-three 
sheets of parchment covered wdh sketches and descriptions. Some of 
the sketches are loo rough give j dear idea of what VilLurd is driving 
at: in other cases his designs would not have worked Stifh wc can 
his ideas taking shape amid the general ferment of the time. Besides 
methods of cutting vonssoire for arches and driving piles for bridges. 
Villard shows a catapult, a wnter-pcjwered sawmill, a proposed dock 
escapement, Kune automata of the AlcJcandrkn type, and a perpetual- 
motk^n machine. 



Fig. 21. Sketch for a wsjicr-powcred .sawmill, from the notebook of Villard 
dc Hoonccourt. 

fit connection with Chinese engineering, I have told you about the 
development of paper and the printing press. European printing, ivhkh 
matured in -rX\\ was preceded by another inve ntio n of equal moment 
Tlab was the eyeglass. Besides the other revofuiionsry changes that look 
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place ai die end of the Middle Ages, paper, printing, and eyeglasses 
together caused n rtvdutk n in reading. 

All we know about the origin of eyeglasses is that in 1306, Friar 
Giordano o! Pisa said in a sermon: 

It ts not rwenty years since there was found the art of making eyeglasses 
which make for good vision, one of the best arts agd most necessary that the 
world has. So shoal a time it is since there was invented a new art tit*I never 
existed. 1 have *ecn the man who first invented anti crated it, and 3 have 
talked to him, 4 


Evidently, eyeglasses were invented shortly after 1286. Perhaps the 
inventor— Friar Giordano unfortunately did not name him—wn$ inspired 
by the optical writings of Roger Bacon, who died ai about that time. 

Ail the first spectacles had convex lenses to correct rursighiedncss, 
Most people P if not farsighted to begin with, become so with age as the 
lenses of their eyes lose their power of adjustment for short-range vision. 
Eyeglasses to correct for nearsigliLedness and astigmatism were not made 
until several centuries later. 

Even so. the crude spectacles of +XIV and -fXV extended the read¬ 
ing ability of many people who would otherwise have been cut olf from 
this source of knowledge and pleasure in their forties. In earlier times 
most literate men. no matter how sc inti Hating their imd Sects, were de¬ 
barred front reading in their later years. TMy bad either to lx read to or 
to give up literature. Now men could go right on reading. 

When the printing press was perfected in -XV P books became much 
cheaper and commoner than before, as had happened earlier when paper 
replaced papyrus and parchment. Between printing and eyeglasses, the 
amount of lime spent in reading by a whole population was probably 
increased several fold. This fact by Ltsell would almost account for the 
speed-up of infelbctual and scientific progress during the last few cen¬ 
turies. 

Of come, even after literacy had again become common in Europe* 
there were dnubtfcs millions aHo* in spite of having learned their letters 
a_s child ten. read practically nothing as adults. Such behavior is not un¬ 
known among high school nnd college graduates of today. 

Moreover, the reading revolution was not yet complete. Reading at 
night by candlelight was still an ey rat raining task, which few cored to 
pursue. It took the invention in 17114 by Argand, a Swiss, irf a really 
bright oil tamp to make nocturnal reading pleasant, Fmall>\ it look 
mnetecnth-ccnuiry universal education and public libraries to bring 
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about the modem state of affairs, when anybody can read about virtually 
anything Lhai interests him. 

Because most of the engineering of the High Middle Ages was done 
by unknown masons and other tmnicless craftsmen, wt cannot say much 
about the medieval engineers themselves Bui we can talk about their 
engineering Let m sec how the technology of the lime developed* art by 
ait 

Gcrrmiiiy. with abundant supplier of coal and inm and its silver, 
copper, lead, and Tin t led the revival of mining and metallurgy. The 
mining of coal developed in the Middle Ages, although coal had long 
been dug up and burned where it could be grubbed from the earth's 
surface. Even Theophrastos, Aristotle*? successor, knew of coal as a fueL 

Ln ancient and medieval times, coal was used only for industrial pur¬ 
poses such as burning lime. It wa* not used for house healing because 
houses did not y el have chimneys, If anyone tried to heat a chimney less 
house with coal the suffocating smalt: soon drove the dwdkn forth- 

After ihe fall of the West Roman Empire, there is no record for several 
centuries of the use of coal in Europe, Then medieval miners began dig¬ 
ging up cool, not only from surface beds bur also from shafts ran into 
the ground as they did for other minerals. The use of coal greatly in¬ 
creased metfs power over materials because coal (urn^hed much more 
heat energy than other available fuels in proportion to its bulk and 
weight. ThLs use waxed $o swiftly thui in 1307 the lime burner* of Lon¬ 
don were forbidden to fire iheir kilns with coal, because the smoke bade 
fair to smother the city. 

Rapid deepening nf the shafts of coal mine* aggravated the problem 
of dramage. in damp northern Europe, the shafts soon went below (he 
water table, so that they filled up with ground water. By the end of the 
Middle Ages they had gone so deep that in some mines hundreds of men 
were kept at work passing buckets up ladders to keep the mine balled 
out. This state of affairs led fo the invention of horse- and water-powered 
mechanical pumps. 

The smelting ami refining of iron also advanced by great stride*. Fur¬ 
naces became larger, mure permanent, and more carefully engineered 
Early medieval smelter* used the Corsican furnace, a semicircular 
funnel shaped prt huih against 3 stone wall Then cKmc the tailor arid 
mote inclosed Catalan forge. Finally the completely inclosed Austrian 
Srthrkofea of tXV reached a heighi of 14 feet. The upper part evolved 
into true chimney, which made possible a stronger air blast and highet 
temperatures. 
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At the same time other improvemjjnte appeared. One was the use of 
coal, at least in the early stages of smelting. The Chinese may have an¬ 
ticipated Europe in this use of coaL Coal could not he employed in the 
final stages of refining iron because [he sulfur -md phosphorus in the 
cod would damage the iron Men had not yet learned how to turn coal 
into coke by roasting ii, Jim.- driving off the impurities 12 nd leaving al- 
mo st pure carbon behind. 

Another advance was the increasing use of water power. Water wheds 
worked stamping mills! in which ore was broken info small pieces in 
mortars. It worked beltaws, providing a stronger air bte*i and higher 
temperatures than could be obtained with muscle-powered bellows, Fi¬ 
nally ^ it lifted trip hammers to pound the finished iron into shape. 

The higher temperatures attained b late medieval furnaces made it 
possible to me! 1 iron, dissolve carbon in it, and cast it. The hotter molten 
iron is_ the faster carbon dissolves into it. The higher carbon content* 
which makes iron hard and brittle* also lowers its melting point and 
makes it flow freely. 

Ancient smiths had produced cast trdn> which they considered spoiled 
and worthless, only occasionally, by accident. But in late medieval times 
if was found that, as die Chinese had already learned! cast iron was very 
useful for some purposes, such as stoves and cannon. Lite medieval 
founders could turn out either wrought or cast iron at will, in masses of 
hundreds of pounds per charge. The wroughi-iron bloom of the classical 
smith seldom weighed over 50 pounds. 

Although the medieval ironmongers could now? readily convert 
wrought iron to cast iron* the latter comprised only a small fraction of 
all the iron produced. As late as 1750,. cast iron still amotmlcd to hui S 
per cent of all the iron mack. 

However, the larger quantities of iron produced in medieval furnaces 
and the new flexibility of methods of smelting and refining meant that 
iron became much commoner and cheaper lhan it ever had been. Link 
by little, iron began to be used in common tools and machines that had 
up to then been made entirely of wood. 

In addition to the water-powered hammer, the Middle Ages saw the 
birth of other devices for molding metal: the rolling mill md the draw- 
plate. The 4am plate is an iron plate with bote* in ft for drawing wire- 
Tbe wire is thinned by pulling it Through a hole smaller than itself. The 
wire drawer of +XIV sat on a swing, which was pulled back and forth 
by a water wheel and crank. C>n each back wing, the craftsman seized 
the wire with tongs and drew it back with him* pulling it through the 
hole. Before the draw plate, all wLro kid to be beaten out with a hummer. 
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The early tolling mills were not used for rolling iron, because iroo 
was too lough for them Instead, they foiled out the H-shaped bars of 
U\id ihut held in place nil the many little pieces of stained glass in church 
windows. These inventions affected the production, not merely of iron, 
but also of all the common metals. 

Novel chemical products appeared during the Middle Ages, opening 
up new possibilities for the manipulation of matter. Gunpowder L have 
already told you about. Alcohol judging by its name, was probably an 
Arab discovery, but the first actual description of it comes from the 
Italian medical school at Salerno about 1100, Its first use was as a base 
for perfumes and cosmetics. In +XHI appeared the three strong adds: 
sulfuric, nitric, and hydrochloric; the first of these may have been dis¬ 
covered by the Arab alchemist, Jabir ibn-Jfuyyon. as early as + VHL 
Before this lime, chemists hud had no acids stronger than vinegar to 
wort with. 

In few respects was medieval Europe more backward, compared to 
the Roman Empire, than in the planning, building, and keeping up of 
cities. Down almost to modern times, most European cities were os in¬ 
nocent of sewer systems as some large Asiatic cities are today. 

Most medieval European dries grew out of villages, which were 
sometimes built on the sites of ruined Roman cities. These towns dis¬ 
played the typical village layout; a tangle of crooked alleys. 

In ihe later Middle Ages and the Renaissance, these cities were faced 
with a difficulty much like that of modem cities confronted by the auto¬ 
mobile age, for which they were never planned. The streets of medieval 
cities were adequate for pedestrians, with an occasional man on horse 
or multback. But, when carts, wagons, and carriages increased, the old 
irregular layout proved inadequate. 

So, from 1300 nn. kings and councils lasted a blizzard of decrees 
aljout parking, speeding, and making U-turns, In 1540, Francois 1 of 
France ordained: 

And, under the same penalties. We forbid wagoners and drivers, whether 
Of carts, drays, wagons, or other vehicles, to turn in the erects, hut they are 
to turn .it the intersect inm and comers of said streets to avoid the inconven¬ 
ience* that might arise, such as wounding children or other person* and inter¬ 
fering with other p&s.'icrvby along the road. 3 

As today, these regulations failed to cure all the ills they were meant 
to remedy. 
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In +XHL a number of new towns were laid out by English French, 
and German rulers, Examples are Munpazfcr, Carcassonne r Wmchelsca, 
and Ntiubranricnhurg. All were built on the gridiron plan. Usually the 
marketplace occupied one whole central block, w ith colonnades around it 
and the church adjacent. Town planning and urban renewal became 
active in the Renaissance * notably in the rebuilding of shabby old Rome 
by the popes, 

A fine opportunity for city planning was offered after the great fire of 
London in I666_ The ashes had pot cooled when John Evelyn, the 
diarist j,nd civil servant, and Christopher Wren the architect rushed 
around to show Charles II their plans for rebuilding die burned area. 
They arrived almost at the same time and discovered that their plans 
had many features in common. Either plan would have been of ihe 
greatest advantage to London. 

The king passed the plans on to Parliament* which debated them. 
But it would have taken a lot of effort and money to settle all the claims 
of the property owners in the disErici. Moreover, the humi-out shop¬ 
keepers screamed that they would starve unless allowed to reopen for 
business at once at the same old place in any old shack. While Parliament 
dithered, the burned area was rebuilt on the old plan (except for some 
street widening and a new law against wooden houses) and the Fjjst 
End of London has remained a medieval tangle of alky sever since. 

Paving was long unknown in medieval dtks Tire stroller was blinded 
by clouds of dust in di% weather and sank to his ankles in muck during 
wet spells It was said nf anything particularly gJiiesottie that “/f sient 
cQ/nme Ic hone dr Pans'-"it sticks like the mud of Paris/ 1 * 

In 1184, King Louii Philippe, tiring of the dust and nmd. ordered 
Paris paved. The result* If not so finished a job as the paving of ancient 
Memphis and Babylon* was a step in the right direction* The p 3 vmg was 
done with clones about 7 inches thick and of irregular shape, 20 \o 52 
Inches long, If these clones did noi help the drainage problem, they at 
least kept vehicles from sinking up to the hubs. 

For i^vcml centuries thereafter, rulers and officials tried To clean up, 
pave, ant! modern ire the streets of European cities. Their ulforts were 
not very successful Medieval Europe had fallen so far behind Roman 
standards of munkipaf service that it did not surpass the Romans in 
this regard until the last two centuries. Rome of +100 was better off 
for street maintenance, sewers* police, and Ojl- protection than London 
Or Paris of 1700- 

Oflc difficulty was caused by rulers themselves, Instead of collecting 
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taxcs^c^dalfy from the nmajicd Church and DtrtuliTy-and spending 
the money on improvements, they passed law& requiring every citizen to 
pave ihc street before hiy house* to keep it dean, to refrain from en¬ 
croaching on the public right of way, and ro refrain from Throwing bis 
garbage and sewage into the street. Dumps were provided outside the 
town for these purposes. Medieval Nantes oven bad a law forbidding 
people lo throw dead cats into tbe water supply. 

Most dihtefts* however, preferred to spend their time and money other¬ 
wise than in keeping up their cities, and the nobility simply ignored the 
rules. After a ruler had issued some resounding decree, there might be 
sporadic improvement But soon the law would be quietly forgotten, and 
the city would become as foul as ever. As if the streets were not narrow 
enough to begin with, citizens narrowed them still further by extending 
their own structures out into tbe right of way. 

Attempts to make dfens pave the streets before their houses proved 
ineffectual. When hauled before ihc courts, the householders wailed that 
they had no money to pay the pavers, and that anyway that stretch of 
street had never been paved. When paving was bid, it was highly ir¬ 
regular, since each propeny owner had it done a$ he saw fit. 

Moreover, guilds of pavers grew up as certain stonemasons specialized 
in this trade These men dug up good paving to compel tbe householders 
to hire them to replace it. This racket continued even after such destruc¬ 
tion of pavement htd been made a capital crime. 

Most of us are familiar with the genera! appearance of medieval 
European private house- Wood and plaster half-timbered construction 
Was typical, and the second story often extended forward over the street 
below. The roofs were high-peaked and covered wilh thatch or shingle 
or tile. Domestic chimneys, adapted from those already used in bake 
ovens and smelling furnaces, appeared m -fXIIL 

Ttse High Middle Ages, however* saw' advances in structural forms. 
One advance was a greater variety of archer In addition to the semi¬ 
circular arch of the Romans, triedicvaJ builders learned from Islam the 
use of the pointed arch. The pointed arch had the advantage of evening 
on ils pier^ a thrust that was more nearly straight down; and, since there 
was less outward thrust of the lower ends of the arch. There was less 
tendency to push the piers apart. Therefore, with the pointed arch, the 
supporting piers or walls did riot have to be so massive or so heavily 
buttressed. 

SiiEI another advance was the truss. We have seen the first steps to¬ 
ward the truss in Trajan ^ Danube hsulge. in the Middle Ages, trasses 
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of timber were ti.sed lo hdd up roofs. However, as nobody could analyze 
the forces in a iru** g medieval roof trusses w^-re often cluttered wish 
extra members that added nothing m iheir strength. Really efficient 
trasses, In which every member counted, were developed by the Ren a is- 
saner architect Palladio ( 4-XVI), 

Besides these changes in structure, the methods of designing buildings 
also changed. The profession of architect reappeared In the Dark Ages* 
building were planned by master masons or by monks wish a taste for 
design fu the High Middle Ages, professional architects once more 
evolved from these masons. 

Not much is known about these men beyond tht bare fact that they 
existed. We know of VPLard de Honnccoun solely because we have 
hi^i notebook. But these nameless architects were competent men who, if 
innocent of higher mat hemal scs B nevertheless had a good practical 
knowledge of weights, strengths, and forces. 

Their most signal accomplishment was the development of the Gothic 
cathedral. While in Italy the Romanesque church with its thick walls and 
round-topped doors and windows continued to be built right down to the 
Rcnaksance „ a very different style of church appeared in northern France 
in the latter half of i-XU, Ahhough the Italians called it “Gothic/* 
meaning ‘ v b4itfcteotB, H i! spread over most of Europe, 

The most obvious features of the Gothic church were its pointed 
arches and its large windows, adapted to the dim light of the gray norili- 
cm skies The I urge windows were achieved by a basic change in strue- 
ii3re. n>e weight of the roof was carried, nut by a whole wall as in 
earlier ^imciurcs. but by piers, which were incorporated in the outer 
walk These pier; functioned somewhat like the colonnades that had 
held up Ehc roofs of Greek temples. 

Tire space between die piers was filled at first by thin walls and htcr 
by large sEamed-glass windows. The fully developed Gothic cathedra] 
anticipated die modern skyscraper with its steel skeleton holding up 
separate panels of walk The skeleton does the work while the wall merely 
keeps out the weather. 

In addition, parts of the inner structure went often held up by rowu 
of pillar* But these columns differed from those of antiquity. The cap¬ 
ital. which had become the impost block of Byzantine times, dwindled 
away altogether, so shut the ribs of the vaulting sprang directly from the 
top of the column like branches from the trunk of a tree. The column 
itself became a pier bdli up of small atones with a ribbed pattern re¬ 
sembling a cluster of small columns, not unlike the ribbed columns of 
King Joker’s Egypt* 
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Vaulting was developed to a new pitch. Medieval architect* learned to 
roof their churches with vaults of stone und tile* because wooden roof* 
W always catching fire from sparks or lightning. As the people had 
no means of getting water up to such a height, such a &re always dc* 
stroyetf the whok church, 

Vauiss were made wish a pointed peak like (hat of a Gothic arch As 
in the walk, sireuses were concentrated along stone ribs that soared up 
txrnn one pier to the zenith of she ceiling, often over 100 foet from the 
floor, and down on the ocher side. At least, char was the effect, although 
the architects probably had no such dear engineering concepts in mind 

These heavy roofs naturally posed the problem of outward-spreading 
thrust. Pointed arches took care of some oi the horizontal thrust. To 
cope with the rest, medieval architects developed the Hying buttress. 
This was a structure of -done, like a small section of un arch, leaning 
against tile piers from outside the building, propping Ltic wall and coun¬ 
ter balancing the thrust of the roof vault. 

Another characteristic of the Gothic church was its ornate ness. Sec¬ 
tions of the stained-glitR window? were divided up rtoi only by parti¬ 
tions of iron and lead but also by delicate curlicues of stone, called 
“tracery.* The European architecr, like the Indian temple builder, 
liked to fill up with statuary every available space on his building The 
roof was embellished with scores of spiky spires, often surmounted by 
statues Although some stone saints and angels were works of high art, 
a good deal of medieval sculpture u.ts fairly crude; but quantity made up 
for quality. 

Lacking scientific principles, medieval lrehilcds developed their 
methods by guess and by (rial. Some of their churches fdl down on the 
heads of the faithful, md some sumring churches contain mistaken, 
illogical features. The roof of Beauvais Cathedral, whose celling was 
the highest of any—154 feet—collapsed twice in +XIII and had to be 
rebuilt with stronger supports. The spire, not built until -bXVI* also 
toppled with a crash. 

During the High Middle Ages, much of the economic surplus of 
Europe went into the building of cathedrals, as ihnt of Egypi had once 
gone [nlis pyramids Cities vied to build the biggest and most sumptuous 
churches. Contributions of money and voluntary work brought into 
being an amazing army of lowering Gothic fanes Regina I styles de¬ 
veloped. For example, the French liked very mil rowers, while the 
Germans preferred smaller lowers hut lofty side walls. 

In fact, many cities undertook projects larger I him they could carry 
out. Sometimes these churches took three or four centuries to complete, 
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during which time the plans were several limes changed. Some have 
not beep completed to this day; ihm the original nave planned (or Beau¬ 
vais Cathedral has never been built. 

As a result of these vicissitudes, many Gothic churches have bizarre 
symmetries. For in stance, one of the pair of towers at the west trout 
of Amiens CaihcdmJ is a whole story taller than the other. 

The rage for building giant Gothic cathedrals died out in 4XV, al¬ 
though work continued fitfully on churches already begun. The Renais¬ 
sance produced other budding styles* with a strong flavor of classical 
Rome. 

Still, from time to time. srnce the Middle A"es. Jirchitecls have re- 
vetted to the Goihie form for churches. The □rigiitiil churches built in 
this style were such remarkable tours tie force, they were so huge and 
splendid and numerous, and their heaven-piercing spires made $uch a 
deep impression on the minds of men, shat ever since then they have 
become in many European minds the veiy symbol of the Christian 
religion. 

After the Gothic cathedral, rile most characteristic large build ins, of 
the High Middle Ages was the castle The castle or (ortre&s-dwelling was 
an ancient structure known to antiquity, and found from prehistoric 
Sardinia to the Far East, Bui the loose feudal government of medieval 
Europe, under which any local lord might wage private war on any 
other, encouraged castle building on an unprecedented scale. These 
castles ranged from the little family duelling rowers of Scotland and 
Germany—one-family houses built like miniature castles— to huge for¬ 
tresses like the citadel at Carcassonne, which was practically a fortified 
city. 

The landscape of Europe and the non hern Mediterranean lands was 
dominated by there das lies and iJicjr surrounding farms, carved out. as 
it were, from the primeval forests and worked by miserable serfs. Paths, 
rather than roads, wound past ihcse castles arid on inw ard ihe occasional 
w id led town, which was prepared to hold its own against the warring 
ricurs. 

W ben the Crusaders conquered the Rymnffae Empire in 1204.. they 
carved the Empire up into feudal domains and dotted the mountain lops 
of Hellas with castles, whose mins still rise jaggediy hither and yon 
against the clear blue sky. One of the world’s largest and best preserved 
castles. Ktrai de> Chevaliers, was built in Syria for the Knights H ^pimU 
lers of Si. John of Jerusalem in the Luc +XU, It h curious that the best 
example uf medieval European cattle architecture should stand today in 
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a Muslim Land, while the finest medieval Muslim palace, the Alhambra 
ai Granada, is In Chrklbn Spain, 

Tht an of pre-gunpowder fortification reached its peak in medieval 
Europe Although most of the elements, of the European ensile-the 
round tower, the cfendated parapet, the moat, and the portcullis— 
were old, medieval eastle-fouildeni combined them with greater skill and 
care than their predecessors. 

In fact, medieval castles reached such a pitch of perfection that few* 
before the coming of cannon, were ever cap lured save by surprise or 
treachery. As hi the Fine World \Var T defense had a strong if temporary 
advantage over offense. Hence most wars took the form of indecisive 
sieges, Ilie besieger tried to starve out the besieged Bur, if the latter 
had pnjiknily prepared for the sh?gc + ihe art acker might well have to 
give up first when hb men's short enlistments ran out and they trickled 
away. 

Along wilh the other arts and sciences, fortifies hap had declined m 
Europe during the Dark Ages. Bui then il began to revive. At the time 
of the Norman conquest of England « 1066 s the typical castle was no 
more than a large house of stone or wood* surrounded by a wooden 
stockade, on a mound surrounded by a ditch. 

However, some larger and stouter castles had also been built, with 
turrets and crenelated parapets on ihe old Roman model. When the 
Crusader* saw the walls of Constantinople, they brought back to 
western Europe Ideas for si ill more stubborn strongholds. 

The medieval cast I r I hereupon developed two main features: a tall, 
thick, crenelated stone wait, the enccittic> surrounding the whole; and a 
large thick-walled round tower, the keep or donjon, for a fast stand. The 
biggest keep of all was that of Chateau Coney* near Scissors, destroyed 
in the First World War. This donjon, made of Wall* IS feel Lhkk i was 
100 feel in dinim-ter and 180 feel high Inside Ihis keep, the narrow 
stair leading to ihe upper floors was designed to be defended http by 
step. 

The living quarters of coriy medieval castles, for the most part ex¬ 
tremely crude and imcomfbmble, were tucked away in odd comers of 
the structure. Provisions far warmth, cleanliness and privacy were rudi- 
mentary. 

The enceinte comprised the main defense But, if it were overrun, the 
defenders retired into the keep. As the keep had only one small door 
and was of such massive masonry that it could not he battered down, 
Ulc defenders could hold oul there as long as their ptovisions lasted. 
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I'lfi* 2Z, The mile of Coucy, near Soissons (restored), showing the kcep- 
.tnd-cHceinu.' plan, fatlifinl ptrhoit^cj, nactiicolahoa, and conical roofs on 
the turrets. 
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On the other hand, the attackers could just, as cosily prevent the de¬ 
fenders from coming out. 

As a result of crusading experience, castle builders changed from the 
simple coccinte-and-keep plan to one of concentric walls. Such a .struc¬ 
ture was really two or three castles, one inside the other. As one line of 
walls was taken, the garrison retired to the next, Because the inner waits 
were taller than (he outer, missile troops on an inner wall could prevent 
the enemy from using an outer wall to attack an inner one. 
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Hg. 23. Kcruk dc* CbevRlIcjr* in SyriJi (redoml), showing ihe cnncciilric plun ui 
Civile huikling. 
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In Eh-e Esncr Middle Age*. the keep w-a$ revived, bur its purpose was 
now different. The soldiers of the castle owner were likely to be merce¬ 
naries instead oi feudal retainers. Ihe main purpose oi the keep was now 
to enable the lord to defend himsdf against hts own mcn-nt-anris in 
case they took is into their head^ to cat his throat and share his wealth, 
Casile architecture varied according to bad cofKfMom. Cattles built 
in lowlands near running water wene usually protected by niftm. The 
ioosl remarkable of these waterborne castles is tbe Pfalzgrafenstein, 
which rises like some strange stone ship from a low island in the Rhine . 

In the mountainous parts of Germany and Austria, on the other hand, 
castles were perched on the most inaccessible crags. Such castles were 
so didinllt for attackers to reach that the owners could afford the luxury 
of windows in the outer walls. In northern lands, turrets were often sur¬ 
mounted by conical wooden roofs, like witches' hats* to ward the war¬ 
riors on the battlements against bad weather. 

Entrance to a castle was planned to daunt the most determined at¬ 
tacker. IT a moat surrounded the castle, the moat was crossed in peace¬ 
ful limes by a drawbridge. The drawbridge is ancient; the Egyptian 
forties ut Ruben, in Nubia, had a drawbridge that moved un rollers 
about — 2000. In medieval times the drawbridge was raised by chains 
wound around drums, which were turned by 3 windlass and gearing. 
When the drawbridge was raised, the assailants could not cross the moat 
unless they could drain it or fill jt with earth or brushwood. To tty to 
tunnel under it would be to drown the sappers. 

If the besieger succeeded in crossing the moat—or climbing the crag, 
if the castle were perched on a mountain top^-hc next faced Lhe portcul¬ 
lis. This was a heavy iron gate, lowered from a dot over the entrance way 
to bar further passage. Tbe portcullis goes back to —IV, when Aineias 
the Tactician wrote: 

And if 5 large number of the enemy emne in. after rhc^c fugitives and you 
wish to stop them, you should have ready above the center of the gale a 
portcullis of the t mutest possible limbers overlaid with ironJ 

In Aiflelai 1 rime. Iron wu* still too costly io make a whole portcuflb 
of it, so he advised iron-sheathed wood. Medieval portcullises, however, 
were of solid iron. 

Besides the drawbridge and portcullis, entrance to a castle might also 
be strengthened by strong outer gate towers that constituted a small 
Forties* in ihemscfve*- Mastiffs or bears might be chained at the outer 
gate to discourage unwanted visitor*. 
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H an attacker overcame the defenses at the outer gate, he often found 
that he had to follow a spiral path a murid the cartlc to the main gate- 
The spiral went clockwise so that the attackers' shield*, cm their left 
amtb. were on the side away from the inner wall and so did the assail- 
snis no good 

The cannon, invented in Germany in early +XIV, put an end to the 
casde-buMrnij an, or ai least [ransfoirncd it beyond recognition, During 
its first century, the cannon was so feeble that it had little effect on 
fortifications. The diroufclcr of the dry of Ulm briefly noted in bis entry 
for 1380: M A knight came and besieged the town and diet at it with 
thunder pins. St did no harm. ’ A hide siege now and then was the sort 
of thing you had to expect in those days. 

However, the gun improved along with all the other devices of the 
time. By 1414, cannon were formidable enough so that the Elector of 
Brandenburg and Pmssrn was able in two days to demolish the castle 
of a rebellious noble. Soon castle walls were seen to be of no mare avail 
against heavy arts lien than magical spells, Lords converted their ensiles 
to more or less comfortable mansions and palaces. After (he 1 urklsh 
ml tan* Muhammad IL took Constantinople in 1453 with his mighty 
aitillcrv, it looked as i ho ugh uo stronghold could withstand the new 
weapoiL 

After the Turks conquered the Balkan peninsula and Hungary, they 
besieged Vienna in 1529* Vienna was then under ihe rule of Emperor 
Charles V* who reigned over a patchwork empire that included nearly 
all of western Europe save France and I he British Isles. The wall of 
Vienna was a crumbling little tiling only six feel thick, and there was no 
time to build a proper wall. So Count Sulim the Emperor’* general, 
made ihc Viennese build thick earthen embankments instead. 

Although the Turks outnumbered the defenders by ten to one and 
were deemed the world's bravest and best-disciplined soldiers, the de- 
fender nevertheless beat off their fiercest attacks, while the sultan's 
amsm halls buried themselves harmlessly in the embankments. After 
a month of trying. the Turks gave up and marched hack home. 

The lesson of Vicuna was soon learned. Engineer*, notably Michele 
Sanmichelc, invented a fortress of a new kind, with a polygonal or star- 
shaped plan, a tow ground-bugging profile, and huge earthen ditches 
and embankments. 

Machinery also advanced En medieval Europe. European* used cata¬ 
pults and crossbows much like those of classical times, save that for 
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throwing heavy stones ike Counrcnvcighied trebuchct look the plncr of 
the classical onager and (he iwo^rmcd stone dimmer. 

In the lat* Middle Ages, far sieges and shipboard fighting, Euro¬ 
peans enveloped a heavy crossbow as powerful as the much larger dan 
throwers of classical times. This weapon had n steel bow Much too stiff 
to be bent by hand* }i was cocked by damping a windlass with a rack 
and pinion gear over its bun and cranking the windlass to draw back the 
string, 

Use of these powerful crossbows in open warfare; him ever, did not 
prove successful because of their slow rale of fire. For «i ample. I he Eng¬ 
lish longbowmen routed the Genoese crossbowmen at Cticy (1346)* 
Although (he Genoese weapons were probably more powerful and ac- 
cufnte, the English archer ^bot so fast that they p incus hi on cd the Geno¬ 
ese before (he biter could make much impression, and a volley from 
three small English cannon completed Ehe rout of the mercenaries. 

Among lhe other machines of medieval Europe, we have seen bow 
clocks evolved from the wafer clocks and geared astronomical com* 
putm erf antiquity, with the addition of the escapement from China. 
Other mechanical advances were the combination of the crank and the 
fool treadle, applied to turning the lathe and the grindstone. 

The advance of machinery was hindered by the guilds. The mam 
purpose of the guilds was to make life easy for ihe master craftsmen 
who dominated them- The guilds kept out competition, restricicd entry 
into the guild, and opposed innovations That might upset ihdf business. 
They enjoyed political power through iheir representation on the coun¬ 
cils of self-governing cities and thus were able to legislate against in* 
□ovations. 

An example of guild activity fc the case of Hans Spaichl, a copper¬ 
smith of Nuremberg. In 1561. Ham invented an improved lathe slide 
rest Hearing of this. Lhe agitated Council showered Harts wiih com¬ 
mands: he should make no mote such Lathes until a committee had 
examined hU first one ,ind reported whether it might b;irm she city: he 
should not sell Lathes to anybody outside hi 5 own crafe: he should not 
leave town without permission. The Council offered Hans 100 florins 
if he would agree to let them destroy his lathe, which had cost him 300 
florins to build, and promise to make no more like it. 

After the case had dragged on for ycant, Hans built number I tithe and 
sold it to a goldsmith, but the Council seized and destroyed it- When, 
\ome yenfs later, another coppersmith both and voW one of the im¬ 
proved lathes, (he Council decreet! that Hi he shall be imprisoned m a 
barred dungeon for eight days to leach him not to do it ng&inJ** 
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Despite such handicaps* the design of madiimerv forged abend. The 
most notable advances occurred in die mittwright’s art. From the medie¬ 
val millwright, i l*c mechanics l engineer of later times evolves!. 

Medieval Europe inherited three type^ of water wheel from the clas¬ 
sical world: the undershot, overdiet, and the horizontal Pie sc con¬ 

tinued m use wiih smalt improvements; see for ftttffiWfi the reversible 
overshot wheel depicted m Agrioola's mining treatise CPI. XXt) By 
moving the spout at the top h one could direct the how of water into 
either of two s^ets of buckets around the rim of this wheel. One set of 
buckets turned xhe wheel one way and the other set the other way. 

A sore point in Lhc conflict between the medieval social classes was 
the feudal lords* assertion of a monopoly on grinding grain within their 
demesnes. AH yeomen, tenants, and serfs were supposed to bring their 
grant lo their lords 1 milk to have it ground tii a price set by the lord- 
Thcy were Tiot even supposed to grind their own grain with querns in 
their own houses. The peasants paid no more heed to these rules than 
they were compelled to, hence much of the flour milled in medieval 
Europe was bootleg flour ground in illegal private mills. 

in 1274, for example, St. Albans Abbey at Cirencester. England, as¬ 
serted a feudal monopoly of the milling in Cirencester and demanded 
that the townsfolk surrender ihctr quern*. Fifty years later, the towns¬ 
people attacked the Abbey with arms and extorted front the Abbot the 
right ld own ibdr own querns. A few year* later, the Abbot swooped 
on the town with his bully boys, searched the houses, and broke all ihe 
quents he found save a few that he carried off to pave the parlor floor 
of the abbey. Quarrels over milling rights drugged on for centuries, Lind 
some of these medieval monopolies were not finally done away with 
until -fXlX. 

TTic biggest medieval stride in the use of water power was not $0 
much in the wheels themselves as in the use* to whkh they were puL 
In itnc lent times, water power was used only for milling grain and rais¬ 
ing water, save for AusOfite 1 solitary' mention of a water-powered saw¬ 
mill. 

The next mention of a waTcr-powered sawmill comes eight centuries 
Inter, fl h a sketch m \ illurd ile HonnecouiTs notebook (+XIH& The 
saw is hung by one end from a sapling braced at an angle and attached 
to the ground by a wooden linkage at its lower end. Four spokes on die 
mil h wheel axle push down the linkage as the wheel turns* and the spring 
of the sapling pulls the saw up again each time. This looks like s crude 
preliminary design that would uoi work in practice. 

All wc c-m say fur certain abous the origin of the water-powered 
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sawmill i* that It may have existed In sotfit form from the lime of Auso- 
niu^ to tfiat of Vdlard* but we know nolhing of bow ihcsc mills worked. 
In Lhe century after VjHarit, however. allusion* to wuier-powcred saw- 
mill 5 become common in France and Germany, Nevertheless, as late 
as +XVU and +XVIII, when some enterprising Englishmen tried to 
ser tip such rmlls in England, the mills were wrecked by mobs of hand 
sawyers, who feared that their bulging muscles would become obsolete. 

During the Middle Ages, water power was also applied to the bellow* 
of smelling Furnaces, to trip hammers lor crushing ore in smeller res and 
bark in tanneries, to fulling milk, and to grinding and polishing amor 
and cither metal wares. 

Horses and mule* also powered ihese machines by nr\ apparatus called 
a horse whim. The animal* were hitched to the ends of booms 10 to 15 
feet long, or to the rim ol a wheel of 10- to 15-foot radius. They could 
now work much more efficiently than in ancient time*. For one thing, 
with the horse collar they could pull four times as hard. For anothcF + 
they were allowed to walk around □ big enough circle so that they could 
make full use of their strength, 

The biggest novelty in European jx^wer machinery, however w.tr- (lie 
windmill The origin of the European windmill h another mystery- In 
H, Heron of Alexandra proposed to power a hydraulic organ by means 
of a little windmill or pin wheel. Nine centuries later* the Inmiara of 
Seistnn built windmills to mill Ihcir grain, 

Now. Heronk pinwhed hud a horizontal shaft, like wind mills of the 
f-Amiliar European type: whereas the Persian windmill., os we have seen, 
had a vertical shaft like a revolving door. That was all very well m 
Seislan, where (he wind blows for month* from <me direction. But it 
would no! be practical in Europe, where lhe wind blows every which 
way. Therefore European windmills had to be pivoted, $o that they 
could turn to face the wind. 

The earliest trustworthy accounts of windmills in Europe dated from 
^XIl These windmills are of a type culled the posi mill On a pedestal 
is mounted a small room, mughly cubical, so thsii it can be tamed in 
any direction by means of a long wooden boom. The room contains 
die millstones. driven through gearing by a shaft that projects through 
the wall of the room and Carrie* the suite. The saite may he of wood or 
ii combination ol wood and eJoih, 

! he number of sails varied. Theft were usual!* four satis, bur some¬ 
time* tfiere were six ur eight. They were usually udjustxbk for different 
wind velocities- 

Along the northern shore of the Mediterranean, a type of mill still 
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in use ha* ten doth saSfc, like the jib sails of a ship. When the wind fresh¬ 
ens, the miller lakes in sail by s Topping the mill, unhitching one i f Ills 
sails, winding lit around its boom to reduce m exposed area* and tying it 
fast again. 

Whence came The European windmill? F$ it an etilargemeni of Heron's 
pmwbeel i Was it invenied in response to a rumor a bom the windmills 
of Iran? Nobody knows, although the bask difference of principle be¬ 
tween horiwmal-shaft and vertical-shah windmills argues for Heron 
and against Iran. 

Post mills persisted through the High Middle Ages with gradual im¬ 
provements. such as brake* and means of adjusting the clearance of the 
millstones. In rXV, however, windmills increased tn sac in response lo 
the demand fur more power. At shiv time, for instance. the Dutch be¬ 
gan to use windmills to drain Ihe many lakes and marshes of [heir 
Country. 

As post mills were enlarged, they became unwieldy, since ihc whole 
milf had to turn They were also likely to be wrecked in gales. So the 
millwrights developed a mill of another type, called the turret, tower, 
SHjtjck. or cup mil in the turret mill, the main body of She mill ts a 
fixed, solid structure of wood, brick, or stone. On lop of this tower \% 
a revolving lunci bearing the %aih. The first mill of this kind ixuiy have 
been one built by Leonardo da Vinci .ht Oesemt in J502. The great Flor¬ 
entine dreamer designed such a mill* (hough it js not certain that it was 
actually built. Half a century later, the Dutch were using turret mills 
for drainage. 

With [his improvement milk could! be made much larger and more 
efficient Millwrights sioon were turning cut turret windmills that de¬ 
veloped as much power as three water wheels, or tweniy-fivc horses, or 
ihrec hundred men. 

Their are various ways of turning the turret of a smock tnUL In Greet 
mills of the jib-sail type, the turret is turned by hand. The millet levers it 
around with a crow bar, which engages pegs on the top of the tower wall 
and recesses in the turret. 

The final refinement m windmill construction was the British inven¬ 
tion (+XVIII) of the fantail or fly. This was a little win dmill mounted 
on the rear of the turret, with its $aih at right angles to those of the main 
mill. By means of ee-4ring* the fan rail kept the mill facing the wind. 
This was one of the first sclf-reguf citing machines. 

Renaissance engineers also designed number of windmill* with ver¬ 
tical shafls like those of Iran. They devised systems of guiding ihe wind 
by vanes and feathering the sails *0 that the mill should turn regardless 
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of the wind direction But none of these designs came into general use. 
The fact is thru the hcrizontal-khafi windmill is more efficient than the 
other kind, because the whole area of its ui\$ is in use all the time, 
whereas in a vertical-shaft mill ihc sails transmit power only during half 
of each revolution. 

NUfisrd Improvements in iron- and steel-mating fed to advances in 
armor. During the Dark Ages a man was considered armed if he had a 
thkld on one aim jtid a sword, spear, or ax in his other bind, tf he 
were well off. he might also wear a simple helmet and u vest of hardened 
leather. If he were really rich, he might have a shin of chain or scale 
nrniL 

The Byzantines continued the 3 a [e-Roman practice ol armoring 
mounted men from bead to foot. As conditions improved in western 
Europe, so did the armoreris trade. By the time nf the Norman con¬ 
quest of England, the horseman wore a whole chain-mail sun, with msdl 
deem to the elbow and mail breeches to the knee. His helmet came 
to a point on sop and had a vertical bar called a nnsa! in front of his 
face und perhaps a week guard, either of plate or of mail, behind. 

Thus armored, the first Crusaders set out for the Holy Land During 
the next century i the suit of mail was extended over the whole body, 
including hands and feet A mail hood covered ,dj the head and neck 
except the face. Over the hood the knight tnighl wenr a barret-shaped 
dosed helmet with mmow slits in front to see through. 

Chain mail had many advantages, h was flexible, allowed free move¬ 
ment. and was easy lo tador to the wearer 1 * size. But it aho had >hort- 
coinings. For one thing, the knight had to wear thick padded clothing 
under it, lest a heavy blow break his bones even though it did not pierce 
his mull. This padding got terribly hot in summer, especially in the Medi¬ 
terranean lands. For another, to raise either arm meant dragging up the 
mtii) on that whole side of the body. This extra effort helped to wear 
out the warrior. 

The mailed knights of die High Middle Ages proved very effective 
against the Turk^ and Ambs of ihe Near East in the earlier Crusades, 
until the Saracens learned to deploy armored cavalry, loo. But these 
knight* proved helpless against the lightly armored Mongol horsemen, 
who easily slaughtered whole armies of malted knights in Poland and 
Hungary (1241), The secret of Mongol success, however, by not in 
particular weapon* or armor but in their formidubk- organization, di£* 
cipliue, and tactics, all of which were in short supply in medkcv.il Europe, 

Early in i-XlV\ just when the gun was appearing armorers began 
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adding plate to chain mult, At first they strapped a few iron plates on 
hcA: and there over the mail. By I4G0, mounted men wore complete 
suit^ of plate armor over mail. Thereafter, chain mad dwindled in area 
until it only covered a few gaps in the plate, as muter the atmpHs r 

People often think of the knight in full glare armor as living in the 
High Middle Ages. In fad, however* knights wore only chain mail 
through +XD and -XIII. The complete suit of plate, topped off by a 
crested helm with a movable visor, belongs not to rhe High Middle Ages 
but to the Renaissance p when feudalism was crumbling, knighthood had 
become a men: picturesque affectation* and the gun was beginning to 
dominate the battle held. In tact* the ironclad Renaissance horseman, in 
addition to d! his other hardware, often carried one or two enormous 
horse pistols in saddle holsters. 

Armor for infantry evolved along similar lines, except tbai a fool man. 
because of the wdght, did not wear so complete a suit While a 75- 
pound iuit uf armor might be no great, burden to a strong mounted man. 
it was imp metical on foot. 

Thus at Ajj'bicourt (1415) the French, having experienced disasters 
with mounted charges against fiigLLsb Jongbowmen. decided to ad¬ 
vance on foot. Bui a heavy rain had made the battlefield into a bog, 
into winch the ftill-armotcd French knighu sank to their hubcaps and 
wert slaughtered. During the plate-armor period, more than otic knight 
died of heart failure Without striking a blow, simply from the strain of 
bearing his armor. 

In its heyday, however, the full suit of plate armor was a marvelous 
thing. Its weigh* was so well distributed, and the joints were so craftily 
contrived, dial as long m his heart held out the wearer could get around 
almost as actively as be could without armor. Its protection was so 
complete ihm m the important battle of Zaganara (1423). when the 
Milanese beat the Florentines in a place that had been flooded by heavy 
rains, no death occurred except those of Lodovkx? degii Obiri and two 
of his people* who having fallen from ihcir horses were drowned in the 
morass h by (he weight of their armor. When rn L440 the Florentines 
ra their turn beat the Milanese at Anghiflfi ‘ only one man died, and 
be* not from wounds inflicted by hostile weapons. . . but, having fallen 
from his horse, was trampled to death/' 1 " if men will make war on 
one another* that* it seems to me, is the right way lo do it. 

Such a stilt was alto wry coedy. ft had to be fitted in the wearer* and 
tailoring sheet iron is not so cosy as cutting and stitching doth. During 
t XV and -FXVt, when plate armor was at its height* the weapons of 
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fonimcn-blih, halberds. guisarmes, and fauchards—iresembled nothing 
so much as enorrmiu;. can openers on poles. 

While plate armor grew up at the same time as the pin, in the long 
run the latter prevailed. Early handguns were no more effective than 
longbows and crossbows. Any of these weapons could pierce armor at 
dose range with a square bit. Hut at a distance, or with a glancing 
blow, good armor shed all these missiles. 

As guns improved in 4 XVI and 4XV1J. armorers made armor thicker 
to keep out musket balls. Then the armor became so heavy that the 
wearer could hardly move. As a result, soldier- began giving up armor, 
piece hy piece, starting with the lower legs. Three-quarter suit 5 ! ((town 
to the knees only) with mom! helms were still worn in ihe English 
Civil War f 1642-401. But thereafter armor was quickly abandoned and 
had almost disappeared by 1700. although a few units of heavy cavalry 
continued to wear cuirasses and helmets down through the Fninco- 
Frusriun War (1870-71). 

A startling revival of lighting in armor almost occurred as lately as 
+X1X. Medieval Europe inherited from the Germanic tribes the bar- 
bare us custom of trial by battle, rationalized on ihe dubious grounds 
that God would gram the victory to the right, in 1817, when everybody 
thought the custom had been safely embalmed in the history books, an 
Englishman named Ashford accused another man. Thornton, of tnur- 
derifle Ashford's sister. Thornton challenged Ashford to present himself 
in the lists, armed de top d pul, for the wager of battle with lance and 
sword. When Ashford failed to appear, armored or otherwise, Thom ion 
claimed he had won his case. The lawyers found to their amazement 
that indeed Thornton had, been use Parliament had never gotten around 
to abolishing trial by battle—an oversight hastily corrected at the next 
session. 

After the burning of Charlemagne's wooden bridge over the Rhine, 
few bridges were built in Europe for several centuries These few were 
wooden bridges, too. Some Roman bridges also survived the tooth of 
tune. Otherw-^c. those who wished to cross rivers went back to using 
fords and ferries. 

Stone bridge revived in — X II The first hr iilgebi til tiers seem to have 
been the monks of certain monasteries. The story of the inures ponii- 
frej, however, has become so overlaid with legend thru it is hard to re¬ 
cover any solid facts about the bridgebuilding brothers. 

The most celebrated bridge of this era was the bridge at Avignon, 
about which a well-known folksong was woven. It is supposed to have 
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been built by a nebulous Saint Benez^i, ] 173—S3, The original design is 
doubtful, because the bridge was rebuilt in *fXIV, 

However, the Pont d Avignon probably coopted of two bridges in 
tandem, meeting at an island in the river and forming a blunt angle. 
Eaub section consisted of eight spans, more or less, with some more 
spans across the island. The arches were probably of the senmrircubr 
typ^ wpied from those of iht Roman aqueduct bridge called the Pont 
du Card, twenty-odd miles away, A chapel stood on one of the piers. 

At the same rime that iht Pont d’Avignon was built, an English cleric, 
Peter Colechurch, collected funds from everybody from king to peasant 
to build a stone bridge at London Old London Bridge f 1176-1209) 
showed how baekw aid England was aj that rime compared m France. 

It was a crude md crazy affair with nineteen arches, ah of different 
sizes, and a draw span. The arches were of the pointed Gothic type, 
though for bridges such on arch has no advantage over the scmicireidur 
arch. 

The piers were erected on starlings or artificial islands. These were 
boat-shaped structures of piles and stone, all of different sizes and spae- 
ings and taking up more than two-thirds of she width of the river. As 
the Thames at London is a tidal estuary, a strong current runs back 
and forth. The bridge so choked rids Bow that at rimes the water on one 
side of the bridge was several feet higher than on the other. The water 
raced between the piers at dizzy ^pecd, and onh the most foolhardy 
boatmen "shot the bridge 11 at these times. 

Further to complicate mallets, people began erecting houses on ihe 
piers, straddling the roadway, until there were about a hundred such 
structures, many of three or four stories. Between the overloading of the 
bridge above and scouring by the river below, one part or another of 
the bridge was always crumbling. Hence the *ong; “London Bridge is 
falling down, falling down, , . /' In the 1820s the picturesque mon¬ 
strosity was finally demolished to make way lot a new bridge. 

/ Medieval bridges differed in -fnnr-nT, from flnmim bridges. One 
difference was that the builders deliberately made their roadway's narrow 
so that they should he easier to defend The roadway of the Font d 1 Avi¬ 
gnon varied from 6,J to 16 feet. Many bridges w r ere fortifi ed The forti¬ 
fication of Southwark G atg_on Old Lond on Bridge "helpccLjo br eak a F 
least two rebeUions. 1 he handsome Pom^Valc^f* at Cahors, France, 
hj^ ihree l30Toot fonilacd towers besti'dins hi roadway, one at each 
end and one in the middle. 

Moreover, medieval piers were provided with pointed cutwaters l 
downstream as well sis up. The Romans had furnished bridges with such r 
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cutwaters on the upstream side only. Ai the engitwii AJbetti I+XV) 
correctly erpluuaed: 

. , „ ibs wmer b mudi mute dangerous to the stem than to the head of the 
piers, which appears from this, that at the stern the water b m a nun* viuhai 
motion than at the head, jind foam which turn up the ground M the 

bottom, while the head stands firm and safe, being guarded and defended by 
|jj£ honka of sand thrown up before tt by the channel, 1J 

From +X1V cm, bridgebuilders cxpcrirciiinlcd with a variety of arches. 
One was the segmental arch, beginning with Taddeo Gaddi's Ponte 
, Vecrftio or "Old Bridge" at Rorence (1345), This <irch h an arc « a 
'circle less than a full semicircle, Although its outward thrust i* greater 
than dial of the semicircular arch, this did not much matter when the 
bridge %v:is braced tit each end against solid liver banks. And the piets. 
being fewer in proportion to the sir* of the bridge, interfered less with 
lb£ flow of the river. 

In the Renaissance:, other curves were tried. Sometimes, as in the Pont 
Ncuf at Toulouse (J J4D-1603), the arehes were semi-cllip&cs. That is, 
they were the tipper hidves of ellipses lying on their sides. Once the 
standurd types of stone arched bridge had been established in the Renais¬ 
sance, nearly all targe bridges were built this way with little change down 
to the development of steel bridges in +X1X. 

Although the magnificent Roman roads continued to c&xty a dw co¬ 
dling traffic for several ccfUuries after the fall of the Western Empire, 
by the High Middle Ages they had largely disappeared. People had prkrd 
up their stones for local use, and the feudal system could not support 
arty such elaborate wad system. At this time the road net of Ernope 
was a mature of Roman roads, with or without their original paving* 
roads, vamdimc!; lightly paved, built under orders of kings and nobles, 
and supplementary tracks across the land. wide enough only for a single 
man or beast. 

In wet weather* unpaired roads became elongated qongmir&Thi^ was 
no great disadvantage so long as the traffic consisted entirely of men 
afoot or mounted. Women and old men of the ruling class, unsuited 
to long mounted journeys, traveled id horse litters. A horse litter was a 
sedan ebair slung tret wen two horses, one fore and the other ufL 

During the High Middle Ages, wheeled traffic, which had almost 
vanished, increased* The roads of Europe i toe ft bore a brisk traffic not 
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onty Of pedestrians, mounted num. pact animal!;, and litters. but also of 
wagons* carts, and handcarts, 

I ethnical improvements added to the efficiency of four-wheeled wag- 
on-s, whfch had never been very popular in andeni ihnes Oik atlvanee 
was the discovery that horses could he hitched in tandem This system 
probably came from China, where rr appeared in rl L Thus the load 
ccdiJ be increased wiihoui requiring 4 wider road to move otu 

Another impmvtmciTt was making the front wheels small and cutting 
away the body in front, underneath, so that as the from axle turned on 
its pivot, either wbed could roll to under tile body without striking it In 
this way the wagon could make sharper rums than had been possible in 
ancient rimes. 

Ihroughnut the High Middle Ages, a few persistent put lops 
on four-wheded wagons and hoard seats inside for passengers. Lacking 
brakes, these vehicles were kept from running away downhill by churning 
one wheel fast so that it could opt turn. Because erf the cost, discomfort, 
and rack of suitable roads, these springes vehicles never became really 
popular. Most of them were state carriages m which royally rode from 
time rn time 10 awe their subjects. 

In 145? a clever but nameless mechanic of Kocs, Hungary. built a 
four-wheeled passenger wagon, nicely appointed and upholstered. Al¬ 
though ii was not much of an improvement on the ancient Persian 
harmmaxa or die Roman ^heda, it was ahead of anything seen in Eu¬ 
rope for many centuries, (t probably had the body hung by leather straps 
from posts that rose from the comers of the bed frame. This primitive 
springing system substituted a sloshing motion for the hard jouncing 
of Ihe earlier, springier carnages. 

The new vehicle spread. In early +XVT. scores of them rattled the 
toads of Italy, when rite nr were only three in Paris and one In England, 
^Coads" h simply a phonetic spelling of Kocs. Although the develop- 
ment of the new art of coachofliking was hindered by a struggle between 
Ihe wheelwrights' ami saddlers* guilds i» to which should have the right 
to make these vehicles, by 1534 Ferrara had 0 busy firm that did noth¬ 
ing hut make coaches. 

With straps for springs and le-uihcr curtains for windows, these car¬ 
riages were hardly up to Detroit's standards of comfort. In lute -f XVII, 
however* coach design leaped ahead. Brakes, glass windows, and vtcel 
springs appeared In the following century ame such luxurious acces¬ 
sories as built-in lanterns and a swurd-and-phtol ease for coping with 
highwaymen. 

In 4-XVII1, omnibuses carrying as many ji$ sixty passengens began 
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lo ratde across Europe on regular schedule^ For the first time in fiis- 
mrv* a traveler cm land could go whither be wished by simply paving his 
litre and taking hb seat, without having lo organize bis own safari. 

Another revival of ancient usages was the postal system. Beginning in 
Iql ct -hXHL European universities, led by the University of Paris, organ- 
teed their own letter-carrying systems. In +-XV t French and German 
rulers set up systems of couriers to carry official mail, like the imperial 
riders of Darius and Hadrian. The fctngs + seeing that the university 
posiaJ systems were not only popular but even profitable, first regulated 
them and then took them over t merging them with their own govern¬ 
mental systems. They also wanted to be able to censor everybody's let¬ 
ters. By the end of t- XVI. public postal systems not unlike these of our 
tiroes existed, although the cost of sending a letter was stEB high. 

All thb increase in traffic* especially wheeled traffic brought art in- 
creasing demand for belter roads. For some centuries, kings sought to 
improve their roads. Bui they had little success, because they repeated 
all [he errors of their long-dead predecessor*. They commanded land- 
owners to maintain roads that run past their property t they sent agents 
to round up peasant for forced road work. But, as fast &$ the roads 
were slightly improved. Lbe increase of traffic tore them to pieces again. 
As the kings were never willing or able to build really heavy paved roads 
of the Roman type, (heir roads began to dissolve into lin^ of mudholes 
us soon as they were completed, This was not entirely the fault of the 
kings; for. in feudal Europe, the power of a king to make his subjects 
do what hn wished was much less than that of an ancient watershed 
emperor or a modem commissar. 

The story of municipal waterworks to ihc Middle Aces is one of 
slowly regaining lbc ground lost at the lad of Rome. During ihc High 
Middle Ages, sporadic efforts were made either lo pin the mined Roman 
aqueducts back into service or to build new ones on the Roman ntodcL 
In Paris, for instance, the Roman aqueduct b trill under the emperor 
Julian wav destroyed by Norse invader* in —IX. and for three centuries 
Farm arts depended w holly on wells and on the Seine, 

In — XIU two abbeys on the north side of the Seine, finding the river 
inconvenienliy far away, built their own aqueducts to lend water by 
masonry conduits and lead pipes from springs in ihe hinterland to basins 
in the monasteries. People living bt the neighborhood were allowed to 
share the water. After 12110, as Paris grew, Parisians demanded more 
fountains. Not deeming this ihcir proper business, the abbey* turned 
their waterworks over to the city. 
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Tb^JS. just as had happened lii Rome river z thfui?*"ind years htrforc. 
lords and royal officers began asking for permits 10 tup public tines and 
nm private pipes tu iheir booses. At first there seemed no harm in this, 
tu only z link water was diverted and the petitioners were privileged 
persons. By 1392, the number of taps was so large that the public foun¬ 
tains, being the Iasi delivery points on the lines, often ran dry. 

So diaries IV issued a resounding proclamation to reform this abuse: 

* - and We recall cancel, annul* and tevoice all privileges* grams, 
licenses, rights, duties, permissions, or stiffrances . . P excepting only,” 
he weakly finished. 4C $o far sls it affects Ui and Our tindcs and brother ' IL£ 
He result was what one would expect All the other nabobs in Paris 
said‘ if the King and the duke can have private running water, why 
cannot 1? And private water supplies they proceeded to get. by fair 
mean* or foul. 

BuL m nobody provided additional sources of water, the scramble 
became more acute than ever Paris went through another spasm, of 
reform in 1553. This, like the previous one, proved ineffectual because 
Henri IT, like Charles IV. insisted cm excepting his royal relatives. 

This dismal contest for the available water continued until Henri IV, 
the French Petikles, firmly grasped the problem in 1600, Alter another 
abortive attempt lo cut off nil the private connections* he sensibly de- 
cretd that the p!pcs mighi rermiim but that the users must pa\ fees large 
enmigli to support the water system. 

Furthermore, he authorized a Fkmisb engineer, Jean Limlaer. to in¬ 
stall a pumping station under one of die arches of the Print Ncuh Here 
ar undershot water wheel worked four pumps* which Fiiiscd river water 
high enough so thni gravity could speed it to the royal palaces. Henri 
turned the surplus water over to the public, and Paris was on the way to 
acquiring a modern water system. 

As for sewers, the people of medieval Europe not only started far 
behind the Romans* but zho have only recently begun to catch upr 
Aguiti Paris may serve as an example 

Medieval Paris hud open ditches, intended for storm drain* only, 
Peopte were nm supposed to dump hmi^ehdd waste turn them, but peo¬ 
ple did A* Paris seldom receive* downpours heavy enough to fiu.sh cut 
such ditches, the result was noisome in the extreme. 

Around 1400* Hucues Aubriot* Pmvost of Paris under Charles VI 
and builder of the Basitlle, roofed over a stretch of one of these towers. 
After Aubriot's time, the rest were gradually covered- 

Paris still lacked a proper sewer system, even though by +XVI the 
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connection between filth and disease was dimly realized- Around 1530. 
Henri il repeatedly tried to get the I’iirliiiment of Paris to build new 
sewers. But, as the king did not propose to pay lor this work himself. 
Part) a mem evaded the king's recommendations. 

Later proposals mtu a similar fate. Arguments about stench and dis¬ 
ease made no impression on those who would have had to pay for this 
improvement The m;m of the medieval and Renaissance city, having 
grown up with the stink or ordmt in his nostrils, saw nothing very ter¬ 
rible ukmi it. while the prospect of parting with money made him scream 
with anguish 

In +XVJJ, under Louis XIII. a beginning was made towards building 
a few real sewers. But the great and celebrated web of modem Parisian 
sewers is only about a century old, having been built under Napoleon lit. 

In another branch of hydraulic cite i nee ring, however. Europeans soon 
advanced beyond the Romans. This was the building of canals, filial I 
irTis-jiiun canals appeared m the ■ Valley in Like early Middle Ages, as 
part of the general upsurge of technology dial took place in North Italy. 

In 1 161 life Holy Roman Emperor. Fmderidt Uurhurossa. captured 
Milan and razed it to the ground. When they rebuilt their city, the Mila¬ 
nese decided to surround it not only with nn impregnable wall but also 
by a moat. To furnish water for tfra rrm.it. they Jug a canal for sixteen 
miles— au unheard-of distance Elm— to the river Ticino* which came* 
the waters of Lake Maxtor*; to the Bo. This cam) they called the 
TiemeUo. or Little Ticino. 

At fint i anl) to till the moat and to irrigate fields along its path, 
the canal was won enlarged to navigable si*c and renamed tin- NavijJio 
Grande, or Great Canal. Its story then became the common oafi of the 
tdrogglt* between farmer. who waotctl to lend of! enough water to ir¬ 
rigate all their lands and fo clutter the channel with wsjier wlieelf and 
fis.fi weirs, and boatmen and merchants, who warned the channel kept 
full of water and open far navigation. 

Historians argue as to when and where the first canal lode: was built. 
Some believe it to have been at Vnecswijfc in the Netherlands m 1373* 
or at Spftamdam a link earlier Others find the origin o£ ibe lock In 
Italy around 1400. 

In any c^e. about 1400 the Bishop o i Milan wus building a cathe¬ 
dral, lu make it easier id get sione to the site, he persuaded the govern- 
merit of iI k city to extend branch canals into the city by way of the moat 
These branches were al*o trved by merchant* for delivery of goods, A 
single gate controlled the How of water inio the branch Cttftalv which 
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weft several feet lower ihan (he moat As this system did no! w■ ?rL ary 
well two engineers 1 * installed a lode in 1438. and later a second lock, 

The ffrst clear wriiten toripunn of a canal Joel b by the versatile 
Alberti who wrote: 

Also, if you wish* you can make two gates cutting the river in two places 
it such n distance one from the oihcr that a hoai can lie for its fult length 
bciwten the mo; and if the >aid boat desires io ascend when u arrives a( the 
place, d-^se the lower barrier and open the upper one. :jnd conversely, ^heu 
it is defending. daw the upper and -tpen the lower one Thus The said boat 
th:ill have ciittiigh waller lo Host it cutcETy to the main canid, because |hc chn- 
inj5 of ihe upper gate retrains the water from pushing loo violently, with Icar 
of grounding. 1 * 

In the 1450^, the engineer tkrtola da Novate put these ideas into 
practice The dukes and re publics of North Italy kept Bertota, I he ablest 
canal engineer of his lime, busy all his life digging canals for them. Some¬ 
times they quarried over who should have priority on his services, HfS 
only trouble was that his workmen sometimes could not understand his 
advanced concepts* 

All ihese early canal locks seem to have been of Ehe portcullis type, 
hiding up and down like a window sash. Later, she hinged gale, winging 
like a door + was found more practical. 

Beside Milan, other cities of Lombardy also built canals, some as 
early as the ! 180s, At the same time, Mantua beg™ reclaiming marsh¬ 
land l and reclamation— la himifka -became a major Italian interest. 
Whereas the ancient Mesopotamians preserved marshes in which to 
grow recd& for house-building. and whereas we sometimes preserve 
marshes to provide refuges for wild life—today's most persecuted minority 
-mcthevul [tdiam wanted to dry up tlie marshes for the extra farm¬ 
land Besides, they had a suspicion that marshes were connected with 
malaria, even if they did not know how the disease was transmitted. 
So they energetically dug, ditched, and drained. 

Meanwhile, across Europe on the shores of the North Sea, another 
vast bnchrcdumaiiori project was taking shape. The Netherlands h a 
llattand :is innocent of stone Babylonia. Much of it Ls below sea level, 
at least at high tide. The coastal region was originally a Bangle of marshes, 
shallow lakes, dunes, tidal Huts, and low islands half submerged at high 
tide. Through litis perpetual weiiand. the rivers Rhine, Meuse, and 
Schddc* with many load changed of name, larily wound their way. 

Men lung ago begun tinkering with this ameboid mixture of hind 
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and water In —12 the Roman general Kero Claudius Diusus is said 
to have joined the largest of the lakes, the Flcvo Laciis with the Rhine 
by way of the Yssei. 12 

In Drusus time, the people of the Low Countries wen; Germanic 
tribes, some of whose names— Rulavt. Frisii—still appear in one form or 
another on (lie map. When the Western Empire was crumbling, the 
Netherlander. were called Franks. Dreaded for their ferocity and treaeh- 
try. they overran Gaul. Around -500, their fierce and crafty king. 
Clovis, smashed the remnants of Roman and Gothic power and founded 
the kingdom of Frank-land, or France. 

Many Franks remained in the Low Countries to became the peaceful 
and progressive Dutch of today. In the early Middle Ages, the Dutch 
began building dykes to keep within bounds the bodies of water that 
cut up theto country. 

During -+XU1, a scries of floods occurred. In 1277, the^c culminated 
in a great storm, which broke through the dunes thin formed a natural 
dyke between the North Sea and the Flcvo Lacus. The «a poured in, 
drowning thousands and enlarging this lake to die Zuider Zee of later 
times. 

Little by little the Dutch once more began dyking, draining, and pump* 
tog ro turn water back into find, Over the centuries they worked out 
very efficient methods of doing this, using local materials; sand, clay, 
straw, seaweed, reeds, brush, and pilings. 

Dutch land-reclamation became especially active after 1400. when the 
Dutch applied windmill-driven pumps to the task. One patch of sub-sea 
land after another was surrounded by dykes and pumped out, creating 
what the Dutch call "polders. 1 ’ The Zuider Zee itself Is now being 
liquidated, piece hy piece. 

And by the bye. the story of the little Dutch boy who stuck his finger 
In a hole in a dyke could only have been invented hy somebody who 
had never seen a dyke. The story implies that a dyke is some sort of 
wall. Actually it is a long, low ridge whose slopes arc so gentle that you 
might not even notice them A typical dyke is about III to 16 feet high 
and 15 to 20 feet wide at the lop-but at least 100 feet wide at the 
bottom. 

The remaining aspect of medieval European technology is shipbuild¬ 
ing. During ihe Dark and early Middle Ages, the ships that plied the 
Mediterranean and the North Sea were not very different from those of 
classical times. Galleys were used for war and tubby soiling ships for 
commerce. 
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Id addition, there grew tip a class of mere turn galleys, with the same 
number and atrangemenr of oars as regular wat galleys, bui with larger 
hulls, which could hold cargo as well as rowers. These carried goods of 
targe value and small bulk, such as gold, silk, and spices, and took 
pilgrims to the Holy Lind l"he pilgrims preferred galleys id rounds hips 
because, whereas ihc latter sailed directly from some European port to 
the Levant, the galleys, having little sea-keeping capacity, crept alone the 
coast, stopping at famous cities of antiquity. The pilgrims, like any other 
tourists, wanted to see all there was to be seen. The merchant galley dis¬ 
appeared in +XV1 as a result of the high cost of running them, the 
improvement of the sailing ship. ;<nd the development of compel mg 
Atlantic routes to the Orient 

Thert hud been some charges in galley design since ancient limes. A 
Mediterranean galley now carried its ram above the waterline, like a 
thickened bowsprit. In +XfV and -f-XV. the typical Mediterranean gal¬ 
ley was a trireme, with twenty-Eve to thirty benches on a side anil the 
rowers arranged as shown in Fig 34, The Byzantine arrangement of 
rowers, vertically staggered on two levels, had given way to one in 
which all three towers of each group sal on one bench hut pulled sep¬ 
arate oats. 

In the 1520s Vet tor Fausto, a professor of Greek in Venice, per¬ 
suaded the Venetian government to ter him build a quinquirente he had 
designed. It should be, he said, like ihose of the ancient Greeks and 
Homans, of which he had read in his classical studies. 

What Fausto did was to enlarge the ordinary Mediterranean galley 
so that five men could sil on each bench Instead of three. Each* how¬ 
ever, still pulled a separate oar. Although this ship heat a standard 
trireme in u race, the design was not repeated because she proved hard on 
the rowers, who were excessively crowded and exposed to the weather. 
Nevertheless. Fausto led a successful career as a shipwright, converting 
some Venetian merchant galleys to quadri rentes and devising other im¬ 
provements. 

Later in the century a Venetian pupil of Fausto, Giovanni dl Zancto, 
developed another type of ship. This dustgrt. called a g q fm zm or giilea&s, 
was based partly upon the merchant galley, ihen disappearing, and 
partly on Fausto s quinquircme Giovanni, with some mnlhcm.ilical help 
from Galileo, went back la the Hellenistic system of mounting large oats 
in a single bank, with Sue to ten rowers pulling each oar. 

For several centuries, Venice was the leading Mediterranean naval 
power. It was an oligarchic republic, governed by a merchant aristocracy 
tike that of ancient Carthage and ruling a large overseas dominion. 
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Most of the Venetian empire consisted of Greek islands token from the 
Bs/jintines when the Crusaders temporarily overthrew the fiyyjntinc 
Empire ui 1204 

Vend Lin shipwrights led the world not only in the design of ships but 
also in methods of manufacture, f or instance, the Arsenal of % enice 
made scrual efforts to standardize the stentposts and other parts of 
galleys, thus anticipating Eli Whitney and tubers who, ia the early IHOOs. 
developed the principle of interduingeable parts. The Venetian shipyards 
even employed a kind of assembly-line manufacture, as an admiring 
Spanish visitor noted in 1436; 

And as one enlcts the gate there is a great sifter on either bond with I he sea 
in the mid die, and on. one side are windows opening out of (he house of the 
arsenal, sntf ibe same on (he olher side, and out came a galley towed by a 
boat, and from the windows they banded out to them, from one die cordage, 
from another the bread, from another the arm*, and from another I hr halisias 
end mortars, and so from all sides everything which won required, and when 
the galley had reached the end of Ihe sliest alt ibe men required were no 
K«iiid. uigeiber vtrih (he c,implement of oars, .inti she Wav equipped from end 
to end. In ihis manner there came out tea galley*, tally armed, between Ihe 
hours of three and nine. 1 ® 

Venetian sea power sltwly declined from 4-XVf on. The reason? for 
this decline were the conquest of ihe Venetian overseas possessions by 
the Turks, the withering af the Mediterranean Irade routes as new roules 
opened up in the Age of Exploration, and the failure of Venetian sup* 
plies of timber. In particular oak, used for the frames and hull planking, 
became scarce, despite intelligent efforts by the Venetian government at 
conservation and reforestation. The Venetian nation disappeared in the 
Napoleonic wars, coming lirst under French and then under Austrian 
rule. 

Another change in maritime methods was that rowers, instead of 
being free workers as jn ancient times, became captives chained to their 
benches. Use of slaves and prisoners first became common in 4 XV No 
doubt this change was fostered by the fact that multitudes of people 
were captured in the constant wars and piratical raids of the Christian 
and Muslim powers of the Mediterranean against each other. t he Turks, 
like the Romans of the Jntc Republic, were given to slave-raiding and 
slave -owning a huge scale; while, during the Reformation, the French 
a ltd Spanish kings found ihe galleys a useful way to dispose of Protes¬ 
tant;. 
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The Venetian navy stuck to free rowers, who could fight in a pinch, 
as lone as it could But at last even Venice was forced 10 u^c prisoners, 
because employment of such persons had mud*: free workers unwilling to 
serve os rowers, 

A danger of Rising slaves and prisoners was that, since (he rowers 
comprised a large majority of .dJ the people on board, they might scire 
the ship. Jos the free men overboard, and sad away to become pirates. 
To prevent this, captive towers were permanently chained to one place. 
As a rower had to ear. deep. And do everything else in that one spot, 
galleys became so foul that their officers wem about their task* with 
handkerchiefs sprinkled with musk pressed to iheir noses. The rowers 
sickened and died like flics, whife those who lived must have been in 
such poor condition that they cannot have been very efficient oarsmen. 
In i his respect, at least, they did things belter in sindent tunes. 

As for sailing rig. large galleys now bare toreeii sails on one P twu p or 
even three masts. Some merchantmen also flew lateen sails, although 
many still plodded along under one square sail. 

The ships of the North Sep differed in small ways from these of the 
Mediterranean. They stuck to the square sail, and they carried but one 
steering oar or quarter rudder h on the starboard Pstter-board”) side. 
Nurse galleys Jacked die ram bus possessed extremely sleek, grace fid, 
efficient lines, like those of an Adirondack guide boat. 

Hulls also differed in construction. fti the ^carvel-built** Mediterra¬ 
nean hulls the plank* were set edge to edge, while in the northern "dink- 
er-brnU" bulb ihe plunks overlapped. The latter system, adapted to the 
heavy Atlantic seas, gave a stronger hull but, because this hull was less 
smooth, a slower ship. 

Soon, however r ;■ scries of revolutions overtook ship const ruction. 
One change was the central rudder; which probably reached Europe 
from China, Several pictures from about (he middle of +Xtlh on munic¬ 
ipal srah, church windows, and so forth, show ihb feature. 

In the High Middle Age*, naval powers often reinforced their galky 
fleets with converted merchantmen or weft. A3 1 hough these ship* could 
carry large numbers of troops, they were nut very successful because, 
save in heavy weather, galleys could always dodge the wallowing round- 
ships In tale 4 -XJV and early +XV, however, changes occurred, which 
drastically 1 altered the redes of these ships. 

One wa£ the development of u larger mundship with a large main¬ 
mast in the center and two smaller masts, one at each end. The foremast 
normally carried a square sail and the aficmio^ or mistren mast a lateen 
saiL Although these small sails did not make the ship go much faster. 
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they greatly helped in com rolling its direction The ship could be steered 
by its satis atone. The lateen niizzcn w-js. especially useful in holding the 
ship cm a dose-hauled course into the wind* 

As ships £oi larger, tberr rig was divide into mote and more sails 
until ihe full-rigged ship, of the last two centuries evolved. The .Age of 
Exploration f-rXV to +XVI1I) took place as soon as European ships 
and navigating instruments had developed to the point where voyages 
across oceans were practical. During the Age of Exploration. the Dutch 
were the most active people m ihe invention of new rigs and sails, $ad) 
as the gaff-headed sail and the jib or forestry saiL 

The other change was placing guits on Clipboard. A few guns were 
mourned along the silks of mh and in the forward deckhouses of galleys. 
Galley guns Sired straight forward only, so rhai one aimed the gum by 
aiming the ship. For over a century, however* not enough gun? were 
mounted on ship* to affect the outcome of any battle. 

In 1538, however, a Venetian and Genoese fleet set out to attack the 
mighty Turkish navy. The Genoese admiral, Doria, had 166 galleys, 
&4 nefs, and a new experimental ship, the Galteai t of Venice. The Gal¬ 
leon was a large* solidly built sailing ship bearing Lhc unbent d-ul num¬ 
ber of 128 gtats. 

The I Lilian? found a smaller Turkish Beet at Prevcza, While the Chris¬ 
tian* were patrolling in front of the harbor, the Galleon fell behind the 
rc$l, becalmed. Ou! rushed the 122 Turkish galleys like wolves to pounce 
upon the straggler, while Doria timidly watched from a distance. 

The Venetians, unable to move, received the onset with a terrific blast 
of cannon and arquebus fire. The galleys lost way as the fire slaughtered 
their rowers; one was sunk hy a single shot Other* stove in ihdr own 
bows in ramming the Galleon. All afternoon, the Turks kepi a hacking 
in dfvisKJiH of twenty ?hips ai a time. At nightfall the Venetians, wilh 
fifiy-three dead ami wounded and their deck lit lend with wreckage were 
Rtiil h o lding out. Tire equally battered Turk> withdrew, and the Italians 
towed the Galleon away. 

Although this battle achieved nothing potiiScully, ft showed the shape 
of things to come. At the great galley battle of Lcpanto in 1570. which 
broke the Turkish mastery of rhe Mediterranean, guns played ou im¬ 
portant part. Here the comb mod I Lilian and Spanish Beets included si* 
Venetian gafansscs with seventy gum apiece, the larger can mm being 
mounted in the deckhouses at the ends and the smaller ones along She 
sides between the oars. 

The weight of the cannon mfrde these ships so heavy di.it tbdr rowers 
could scarcely move them, and they had it? be lowed into action. Never- 
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ihdess, standing out in front of the allied line. they fearfully strafed the 
advancing Turkish galleys with gunfire: 

Don John's bunting, ami hk hound* h,jbayed— 

ft.H'ms away past Italy die tumor of hi* raid. 

Guo upon gun, ha! ha! 

Gun upon gun. hurrah! 

Don John of Austria 

Has loosed the cannonafkJ* 

This bombardment weakened the Turk* and so contributed to the Christ 
tian victory. 

Thereafter Galleys- swiftly declined. Although because of their rowers 
they could move in any direction regardless of the wind, galleys were so 
flimsy juuS feebly armed, compared to the full -rigged galtcon. that even 
overwhelming numbers and a flat calm did not astute the victory. 

Although Mediterranean powers built a few- galley as laic us -bXVJll, 
except for a few with I he Spanish Anna da they never fought a major 
battle after Lepanto. They lingered on to the dawn of sleam in early 
+XIX t because they could still do one thing better than sailing warships 
They could pursue pirates, who also used galleys. 

With the battle of the Armada in 15SS, niival warfare, which for 
over 3,000 years had consisted mainly of ramming and boarding con¬ 
tests, turned mho a senes of artillery 1 duels. So It remained right down to 
4-XX* although mm mine and hoarding continued to play some smalt 
part, even in the two World Wars. Therefore, despite I he steam-und¬ 
ated revolution in ship construction of -+XIX* naval warfare became 
modem, in an important sente, between Lcpanto and the Arnmdii, 

The flame "Renaissance/' Mtcnilly "rebirth / 1 is applied to the period, 
roughly - XV and +XVL when many medieval things like feudalism, 
Gothic architecture, and the religious monopoly of the Catholic Church 
were passing away and many modem things like vernacular literature, 
centralized national governments, political partis .jnd expert mental 
science were coming into being. 

In the narrowest sense, "RenuFssancd* rder* to the revival of learn¬ 
ing that took place, mainly in Italy, with the rediscovery of IIKMI of the 
remains of classical literature that wc posses tothiy Some classical 
writings had of course new disappeared Train circulation, hut many 
more were now nhltmed from mnnitstk librjiirs ur imporied from the 
crumbling Byzantine Empire. 

Hence there uroo ;t class of scholars who devoted their lives To the 
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discovery* publication, and explanation of classical texts. The $iud) of 
Greek was revived. Fashionable people acquired at least a veneer of 
this scholarship; they proved theft gentility by lacing their speech with 
quotations from Plato and Cicero. 

The period 4-XV and +XVI* however, involved reiver revolutionary 
movement* besides the revival of [coming. Th^c induced the Reforms - 
tion. the Age of Exploration, and the down till of the old astronomy, 
which put the earth a! the center of things. And it included the first 
patent sy>tents for the encouragement of inventions. 

It also involved an expansion of engineering- Tlie new engineering, 
except in the field of architecture, had bur little connection with the 
revival of classical learning. There was* in fact, a goevd deal of hostility 
between the humanists or “ancients * who cared for nothing but the 
revival cif cubical literature, and the ''modems/' who warned to expand 
and exploit the discoveries in the arts and sciences. 

[n architecture, the recovery of the treatise of Vftnivim led to a 
passion for imitating classical temple design. This vogue lm* Listed right 
down to the present, as a glance at the relief of the Lincoln Memorial 
on a new cent will show yoti+ 

For the most part, however. Renaissance engineering grew ©itf of the 
experience of the Middle Ages, In some ways ft lagged behind the ex¬ 
ample* of antiquity, while in others it leaped ahead of them. 

The main change in engineering in the Renaissance was thai it waxed 
much greater in scale. Engineering again became a respected profes¬ 
sion, Engineers became famous and even, sometimes, well paid. They 
were no longer anonymous craftsmen. humMy serving their temporal 
and spiritual lords. I ft line with the Renaissance tendency towards unin¬ 
hibited self-assertion they promoted thcrmdves* grasped for personal 
fame, and told ofi their rival* and employers when they thought them- 
selves wronged, 

Moreover, they took direct action against thott they considered their 
enemies. When about 1575 Henri tl of France sent ihc engineer Adam 
tk Crupanc to inspect v.mic fortiite&tiam at Nantes, which the king 
suspected of having been faultily built, ihc builders ai first tried to flatter 
Crupnnc into riving them a dean hill of health. When that did no* work* 
they mvued him to a banquet and poisoned him. 

One of die earliest Renaissance engineers was Filippo Brunelleschi 
(DTP-1446). The son of a notary of Florcncc-ihe Athens of the 
Reflniisance —Brunelleschi was, like most youth* of artistic leanings at 
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the lime, uppremked to a goldsmith. Here he learned ebekm liking, 
Ljier he puE this k no wit Jgc to use in building machines. 

Like many Renaissance engineers, Brunelleschi spent most of hiv lime 
on art and architecture, though he was also active in olher Ik Ids, He 
mustered ihe new science of perspective and applied it to his architecture. 

Failing to win a competition for the design of a pair of gales for a 
church in Florence* Brunelleschi went to Rome with the sculptor Eton Li¬ 
te! lo„ There he studied for five years. He panicuhrh studied the dome 
of the Pjmlbcon, as rebuilt by Hadrian. 

In Florence stood a cafhcdrciL Santa Maria dd Fiore, which hud been 
under construction for over a century. No roof had been builr over the 
crossing of the nave and the transepts. The covering ol this part would 
have to be something unusual, as the space to be roofed was about 13S 
feet across. 

In 1 407. heating that a conference of architects was meeting in Flor¬ 
ence to consider this problem, Brunelleschi hurried home m present his 
proposals Nothing came of dm action tmd Brunelleschi returned to 
Rome, Eleven years bier he was back in Florence, urging hb plan for a 
huge octagonal dome. Hk plan seemed so during that once the com¬ 
mittee had him thrown bodily out of its meeting But he returned wilh a 
mode! and a hosi of arguments, tints! be finally won over the committed 

In 14ly + Brunelleschi at last received his order to build. The com¬ 
mittee* however, had given him an unwanted collaborator, the sculptor 
Ghiberti, who hud won ihe contest f or the church gales. Since Ghiberti 
knew nothing much about architecture, Brunelleschi dc tern lined to get 
rid of him. By shamming rickness he rrkked Ghiberti into undertaking 
the design for the chain to hold the dome against bursting stress. 

There k. you *ee, an outward, tenrile component of stress in the rides 
of a dome, a short distance up from the ha.se. If too much load is 
piled on lop of the dome, the dome will foil at t bis point by bursting 
outward. Although these forces were nor mat he mat really known in 
Brtmdteschi's time, tin* Florentine stilt feh ihai such a stress existed. 
To counteract it, he proposed to wrap a girdle or chain around ihe 
dome, 

Ghiberti accordingly produced a design for a chain, which Biunellevchi 
easily proved to be utterly inadequate, So poor Ghiberti was forced to 
resign. Then Brunelleschi installed his own chain, made nf lengths of 
oaken timbers bolted together, Modem "ittidy shows ihsn Brunelleschi^ 
chain, likewise, was too weak to rv injure? the dome appreciably; but the 
dome was stiff enough to do without it, It is still ihete despite earthquake* 
and iucrial bombs. 
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As work piogresicd, Brunelleschi divcovered ihu:i hh workmen were 
losing too many hours climbing up and down die lofty bidders of the 
scaffolding ui mealtime. So the resourceful architect installed a canteen 
on the scaffold. 

Brunelleschi finished his tusk in 1436. although the 60ft-ton lantern— 
the name given \hc stone ormunent atop a church dome—was not corn- 
plelcd until after hh death, and (he cathedral itself did nor receive its 
finishing touches until 1888. The dome so dominated the dty that the 
cathedral ha* come to be called simply it 0Erm?ie-- B4 lhe Dome," 

This dome is made of two shells, one inside the other, it measure* 143 
feci across and 105 feet high. The total height of lEk cathedral, from 
pavement to lantern, is 351 feet, the height of a thim-five-story buiJdiny. 
Although Brunelleschi was a leader in the revival of ch^teat architec¬ 
ture, hh dome wav neither Roman nor Goihie: it was something brand 
new. to octagonal form, emphasized by thick: rib*, was intermediate he- 
tween the true dome and the square dome or cloister vault. 

Brunelleschi would not have been a Lrtic man of iht Renaissance if 
Ik had not been working on a multitude of other jobs eu the same time 
as the dome. He acted as architect for several building*, including ibe 
huge Pitti Palaee for the Medici family, and two duirche*. He also in¬ 
vented construction machinery. In 1421 the Republic of Florence gave 
him the first known patent This was for a canal boat equipped with 
cranes for handling heavy cargo. 

After Bnmelleechri time, in 1474. the Republic of % cniee adopted the 
first formal patent law and in 1594 issued to Galileo a patent on a system 
for raising water A patent h a temporary 1 Icg^l monopoly on an inven¬ 
tion: a license to stop all others from making, selling, or using specimen* 
of the invention without the patent owner's permission. The purpose of 
patents k to encourage [mention by giving the inventor j profitable 
monopoly, for a limited time, in return for Jits making and disclosing 
the invention* so Shat it become* public proper!} after I he patent expires. 
If any one change could have caused our modem technological revolu¬ 
tion to begin in classical times instead of IJ><Xj to 2.000 y&a% Inter, it 
weald have been a good patent hw% 

It is not likely* however, that any of Ihe carl}' Renaissance patentees 
mode money from bis patent. The territory covered by the h abaci dty* 
status was too mad], and the requirement* of a wmrtd patent law were 
not worked out until -XJ.\ Vet ihc beginning of patents and patent 
laws in Renaissance Italy was one of thove portentous devdopmenh 
thus, like the ft volution in reading, aroused little comment at the lime 
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but were bound in the tong run to bring about a vast overturn in human 
affaks. 

Of course, Brunei le$chi had to serve a* a military as well as a civil 
engineer. In 1430 he .tcccimpunkd the Fhvermne army to die siege of 
Lucca* wilh Ghiberti, r^cmuidlo, and rwx> other artist as assistants* 
Brunelleschi advised diverting the river Scrchio by a canal so that ils 
water should surround Lucca and cut of! the town from aid. It worked* 
though nor quite as Brunelleschi had planned. By providing Lucca 
with a ready-made moau the scheme kept the Florentines from attacking. 
So it was they who had to withdraw, to the joy of the Luccans, 

A younger Friend of Brunelleschi wa* Leon BattiifB Alberti ( 1 404^- 
72), bom in Florence but reared in Venice because hi* family was 
banished dtiring a political struggle. 

If the man of the Raiiussuriee was versatile, Alberti was the ideal 
man of the Rennissance, Pointer* poet, philosopher, musician, linrhiiccl, 
and engineer* as a youth he faked a Lmin comedy in verse so well as 
to convince some scholars that it was a genuine ancient Roman work* 
He played the organ and experimented with the camera obscure 

The camera obscura* from which we get our word '"camera/' was a 
closed room, facing the street with a small aperture for light. It could 
be made by covering the window with a vhcct of ihfck paper, Itaving a 
small hole, A screen of sheeting was hung opposite the aperture, and 
those in the room amused themselves by watching ihe upside-down 
images of pmcryby on the screen. It was the Renaissance equivalent of 
television. 

Must of his life, Alberti worked for successive popes. Nicholas V 
employed him to restore the papal palace and to build the Acqua Ver¬ 
ging one of the new aqueducts which the Renaissance popes constructed 
to replace the mined Roman waterworks. 

At the behest of Cardinal Colomtn* Alberti investigated the Roman 
ships, lying at the bottom of Luke Ncmi. He tried to raise tme of these 
ships by windb^cs mounted on n raft buoyed by barrel*, hut all he 
succeeded in doing wn$ to tear olT a piece of the bow. 

In additEon !o all the palaces ami churches he designed. Alberti found 
time to write on many subjects: political philosophy, horse breeding, 
family life, surveying, sculpture, Greek mythology, and architecture. His 
mnin work wu$ De rc tiedificitfOrfa (or / died Hhri dell' Archifrtttira). 
3 treatise on building. Although Alberti could not yet apply mafhemati- 
cal measures to the strength of materials, be described the properties of 
many different kinds of stone and wood lor construction. He gave rules 
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of thumb for ihc proportions of structures* such as this one for bridges: 

And there should noi be a aipgle stone in the arch but what U in Thickness 
at least ime tenth pan of ihc chord of ihar arch: nor should ihc chca-d itself be 
longer than six times the thickness of the pier, nor shorter than torn times* 1 " 

AJberti wrote this work w Latin about 1452. During the folio wing 
years, copies circulated among hi* friends- in manuscript Some hitch in 
hk arrangements delayed publication until 1485, alter the author * death. 
When it did appear in printed form, if became very popular, fhv work 
was translated into Italian, French, Spanish, smd English and led a long 
and honorable career. 

The leading architect after Alberti was Bramante (1444-1514) — 
bom Donato d'Acnolo in Urbino and af some point in his life nick¬ 
named Bramante, °he who wants." After the wandering Mfe of a 
Renaissance technician, he arrived in Rome in his Miles to work for the 
Pope. The list of all his minor architectural works would be tedions- 
However, he devised a screw press for stamping coins and rediscovered 
the old Roman oft of pouring liquid concrete into wtnxlen foinis. 

Pope Julius 11 chose B ram ante to rebuild St. Peter s cathedral, cm the 
rite of a ruined eariy-Ctirbtian basilica, B ram ante designed a huge build¬ 
ing in the form of a cross with four stubby arms and a huge dome over 
the middle. The f mt main piers hod been erected when the aged 
Bramante died, A succession of popes and architects wrestled with the 
task, m aking Little changes here and there which reduced the whole 
project bo confusing Moreover, it transpired that much of Bramame’s 
work had been hasty and unsound. 

In 1546, Paul III gave ihc job to the one man with the force to push 
the project 1 trough despite any obstacles. This was the Florentine 
Mtcfrdagnielo Buonarroti (1475 1564), known to us ns MkhefangckJ- 
Most of his work was in the pure arts, but lie was also an able engineer. 
At Florence and again at Rome, he was called upon to build fortifica¬ 
tions for an orpocted siege. He buih them and then, correctly divining 
(Hal the city was bound \o fall through the defenders* incompetence, 
fled through the enemy'* lines. 

Michelangelo was one of ihc most peculiar, difficult, and cuitfanker- 
ca? gemusu* of the Renaissance world, wherein ruthless individualtsm 
was deemed right and normal A compulsive worker, a compulsive 
peony pine her, ami rigidly honest In a corrupt age, Michelangelo *ho 
Jiad an exti,rofdinaiy takm for making enemies. While he was still a 
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youth. a Eaunt G \mg at a fellow sculptor bought him a broken nose T 
which disfigured him for life. 

Bramante could not stand him eiiher. Mkhdtmgdo believed thai 
Branianle had persuaded Jttliu* It to commission him to decorate the 
Sistine chapel with frescoes in the hope that he would fa is and fall into 
disgrace. But that may have been Michelangelo's persecution complex. 

During the last few years of bi% life. Michelangelo was employed on 
St- Peter's. He simplified the fussiness of Bramanlcs design and raised 
die dome higher He died at eighty-nine leaving a tidy fortune in golden 
dnmts T although he had loudly complained aO hb life that he was poor 
to the point of starvation* The dome was finally built a quarter-century 
after iVhcbekngekrs death, and the whole cathedral was completed in 
1626 . 

Another of Michelangelo's enemies was a man who ordinarily had 
no time for enemies and no desire to make them, This was the most 
famous of all Renaissance geniuses. Leonardo dn Vinci 15J9L 

All educated people have heard of Leonardo as a painter; many have 
a!u> beard that he was a scientist and im engineer, although they might 
have trouble naming any particular discovery or invention of his. He is 
one of history V mosi celeb rated but most purudoxkzii characters, He 
ha* often been justly acclaimed ns one of the greatest of ail creative 
geniuses. Historians of Renaissance science and engineering often give 
him it whole chaplet. 

But, when we look into his story* we find that he had hardly any in* 
dLienee at all on the science and engineering of his lime. In thk regard 
he has been as much overrated as Roger Bacon. 

Was lie persecuted? Not at all. Although a religious skeptic* he kept 
his doubts in his notebooks and so whs never bothered by the Church, 
His lack of impact in the technical and scientific fields was due to hb 
own peculiar oa t urn. 

Leonardo was the illegitimate son of a notary of Vinci* a village near 
Florence. His parents were married almost at once, but not to each 
other, and Leonardo 1 ? father brought him up, He was apprenticed to 
the artist and goldsmith Verrocchio in Florence, where be knew Toaca- 
nelli* the leading physicist of the age. to his late twenties he painted 
pictures, some for Lortmto dc + Medici* political tkm of Lhc Republic of 
Florence. 

In H83 Leonardo removed lo Mihin. then u bigger city than Paris, 
Heie he met t he Duke, Ludovico Sforza, and submitted the following 
employ men t resume: 
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listing, My Most IHustriOus Lord, *mi and mom rtrfficksrfty considered the 
proofs of those who consider thoitteh & m&sier* and designer of instruments 
of war and thaJ ih c design ami tfperutfon of said iiwmmwnti h noi dilfcrenl 
from those in common uve* E will endeavor without injuty to anyone to make 
myidf understood by your Excellency, making known my own nereis and 
Offering thereafter iil your pismire, and a l The proper time, (o pul into effect 
all theme thing* which for brevity are in paFt noted below—ami many more, 
according to the exigencies of the different casfi. 

L cao constmei bridges very IjpJbt and strong, and capable of easy trattSn 
portasion. and with them pursue or on occasion flee from the enemy, and eiill 
others safe and capable of resisting fire and attack, and easy and convenient 
to place and remove; and have methods of burning and destroying those of 
the enemy, 

I know r bow , in q place under siege, to remove the water from the moats 
and make infinite bridges, trellis w r orl T ladders, and other instrmnants stilt- 
able TO I he said purposes, 

Also, if on account of I be height of the ditches, or of the slrength of the 
position and the situation, it is impossible in the siege to make me of bombard¬ 
ment, l have meant of dcraving every fortress or oihcr fortification if It be 
pol buili Of stone. 

f have j*1*o means of making cannon ^nsy and convenient to carry', and 
with them throw out stones '.molar to a Tempest; und with She smoke from 
them cause gresi fear in Ihc enemy, to his grave damage mid confudoiL 

And if it thould happen a* sea, I have the mean* of constructing many 
instruments capable of ollcrue and defense amf vessels which will offer re¬ 
sistance jo The attack of the largest canntm, powder and turner 

Also 1 1 have means by tuaneh and vsrti anil tortuous p^dpci. made 
without Hiiy noise, to reach a certain and designated point; even if it be nec¬ 
essary to pass under ditches or some river. 

Also, I wdl make covered wagons, secure and indestruclibh^ which f enter¬ 
ing with iheir artillery among she enemy, will break up the largest body of 
armed men. And behind these can follow infantry unharmed and without any 
opposition. 

Also, if l he necessity occur*. 1 will make caiman, morton. and field pieces 
of beautiful and useful shapes* different from those in common use* 

Where cannon cannot be used, f wifi contrive rnanpmck, dan thrower*. 
And machines for throwing fire* and other instruments of admirable dftekney 
not in common use, and in short, according a\ the case may be. ! will contrive 
various and infinite apparatus for offense and enjo¬ 
in limes of peace 1 believe that I can give satisfaction equal to any other in 
architecture in designing; public and private edifices. and in conducting water 
from one place to another. 

Also, I can undertake sculpture in marble, in bronze, or in terra cotta; 
similarly in panning. Thnr which it is possible u> do i cam do ^ well ox any 
other* Whoever he may be. 
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Furthermore, it w0| be possible id start work on ibe bronze borer, which 
win be to the rnimcnal glory and eternal honor of the happy memory of 
your father. My lxrrd n and of the ii lustrums House: of Storm 

And if id anyone the abovc-fuenUoned ihiis^ *eem impossible or imprac- 
ticable. I otlci mysdf La readiness to make a trial ot them in your park or In 
such place as may please yernr Excellency; to whom as humbly as I possibly 
can* J coimnend myself- 1 * 

Here, evidently, was a young man bracing will* Ideas. But he could 
not aay that he had act tidily done all these remarkable things, only that 
he could do ihem il given a chance. 

As Lodovieo was not much impressed, Leonardo had j painful m nig¬ 
gle to live, until he joined forces with another artist who had better con¬ 
nections, Leonardo scrimped, studied, and at Last was commissioned 
[0 paint Lodovico p s mistress. After that, Sforzii hired him from time to 
time for various jobs, artistic and technical Since the Duke had a way 
of paying the promised fees late or not al all. Leonardo once quit al¬ 
together but reconsidered. 

During this tijrus + Leonardo planned ibe entertainments and celebra¬ 
tions of which the ducal court was fond, with decorations parades. and 
fireworks, He indulged hh fondness for practical joker, and mechanical 
toys and read the ducal faintly stories that he had composed. He began 
a colossal equestrian statue of Lodovicops father, a self-made duke. 
However, when the clay model of the statue was completed, the Duke 
ordered the bronze for the statue cast into cannon to fight his many foes. 

Leonardo slaved in Milan for sixteen years. When at last the French 
drove Lodovioo our of bis dukedom, Leonardo went lo Venice. There 
he spent some months as a military engineer, casting cannon and 
rengthejimg fortifications After a period of free-lance painting in Flor¬ 
ence, he worked briefly for the sinister Cesart Borgia, the Pope’s sou 
and ibe most accomplished betrayer and murderer in Italy. Then Pope 
Alexander VI died, the realm that Cesare had conquered crumbled away, 
and Leonardo went back tn Florence. 

During the next two or three yean* Leonardo, now mode raid y pros¬ 
perous, freoJanevd in Florence. He pointed, studied, and filled note¬ 
books with endless sketches and notes. For a time he was associated 
with Njecold Machiavetfi, the needle-nosed politician and philosopher 
whose efforts at cotd objectivity failed to hide his distaste fox erratic 
Florentine democracy and his admiration for brutal strong-man rule m 
practiced by Cesxre Borgia. MachiavdU startled generations of readers 
by coolly heading a chapter in one of hh hooks: bl Description of the 
Methods Adopted by [Ccttfe Borgia] When Murdering Vttdkncxo 
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Vitelli . and three uther notables whose continued existence he 
found inconvenient. 20 

During this ^ojoum in Florence occurred Leonardo's brush wrtfl 
Michelangelo. Some of I xonnrdo's acquaintances were arguing over □ 
pass rn D;in:e in tire piazza us Leonardo passed by. They cal fed To 
him and asked his interpretation. Just then Michelangelo stalked by on 
the other side of the square, bead down in thoughl. L eonardo was in 
his fifties and very dignified >j[ mien, tall and wefl-built. with robe and 
long red beard. Michelangelo, on the other hand, was about thirty, and 
an ugly little man who won; the same clothes day and night until they 
lotted off him. Indulgently Leonardo said; 

“You had better ask Mtchclagniob; he will expound it to yon.” 31 

Michelangelo looked up, startled. “Explain it yourself I” he shouted, 
assuming that sarcasm was meant- He burst into a tirade, berating 
Leonardo for not having finished the Storm statue. Leonardo flushed 
angrily but walked ofl in silence. 

During the next few year*. Leonardo traveled between Florence and 
Milan, working at the latter place for Louis XI t of France. In 1512 he 
went to Rome, hoping for wort from die Pope, who belonged to the 
family Of hi-, old patrons the Medici; for his colleagues Brjmante. the 
latter's protege Raphael, and Michelangelo were all hard at work for 
the papal court. 

But this Pope was the fat, indolent, and worldly Leo X, who said: 
“Since God bus given us the Papacy, let u* enjoy it." and “What profit 
has not that fable of Christ brought us!" 32 

As a humanist, Leo had no use for Leonardo’s science. Moreover, 
after Rramsnie’s death he found the amiable Raphael more to his mstc 
as his artist-general. He gave: Leonardo only small jobs, such as making 
mirrors, and dismissed him when told that Leonardo had been dissect¬ 
ing bodies to study (heir anatomy. 

Now well into his sixties and premniurcly aged. Leonardo at last 
found a generous patron,: Francois I, the clever, enthusiastic, hearty, 
frivolous, and extravagant French king. Although crippled in one arm 
by a stroke, Leonardo spent three years at Amborec. where the king set 
him up In a villa. As of old, Leonardo planned his patron's entertain¬ 
ments, with mechanical lions and other wonder*. He tried to bring his 
vast mass of noie> into order for publication, but with no more success 
than before, After making meticulous plans for his own funeral, he 
peacefully died, 

Leonardo never married or displayed any interest in women. Many 
have thought him to have been a homosexual, which is quite possible 
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though not definitely proved. When he was living in Florence in his 
twenties, an anonymous informer accused a youth of the city of homo¬ 
sexual relationships with several men, including Leonardo, The morals 
police investigated but soon dropped I he charge. Whatever his tendencies, 
Leonardo was one of those who, like his contemporary Michelangelo 
and like (he physicists Henry Cavendish and Willard Gibbs. h driven 
by his urge to discover and create ihiit he has little lime left for human 
relationships. 

Leonardo was a frugal and abstemious vegetarian. Although he could 
turn on the charm when he chose, his usual facade was aloof and re¬ 
served to the point of sec relive ness fie combined boundless curiosity 
to know and discover and meticulous perfectionism wilh limiliess am¬ 
bition tor fame and accomplishment 

These features united to fqjm one of ihc most unfortunate, sel£- 
defeating characteristics that a fame-seeker can hint, namely: inabfllfy 
to complete the tusks he has started. Either Leonardo's phra were too 
grandly ami hence could never be realized* or Leonardo himself lost 
interest before the end- 

He was a man of (he type who sometimes appears among modem 
scientists, driving laboratory directors mad. The scientist does brdUant 
work hut. when a task is nine-tenths dotted he is seized by a passion for 
some new Idea and goes haring o(T on another line of hives ligation. Be¬ 
cause report-writing bores him, he never reports on his previous work, 
which remains in ihc form of scattered noses and. os far os the laboratory 
b concerned, might as well have never been done at all. 

Leonardos many abortive projects included two colossal equestrian 
statues, ihv construction of a eannl to Pisa, urban renewal at Florence, 
completion of the Milan Cathedra], and drainage of the Pomptine 
Marshes, Et was not always his fault that the project failed, but lie seldom 
pushed a task to compkiion even when he could. He was an incorrigible 
dabbler and dilettante. 

He also tried to master ul! the lienees. Hi?* studies included astral* 
omy, anatomy, aeronautics, botany* geology, geography * phonetics. and 
physic The phyvies included optics. ballikUcs, component forces, fric¬ 
tion. lubrication, stress, levers, pulleys, loaded beams, and strength of 
materials. He often dropped hts work and forgot his obligations for 
months at a time while he buried himself in another science. 

In mimy scientific fields. Leonardo went os tar as any pan of his 
time. Sometimes he anticipated ihc discoveries of later scientist like 
Galileo or Stevin But, as he never published, nothing come of all his 
studies. 
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Likewise, he worked on mechanical problems covering an extraordi¬ 
nary mnge He designed armored battle cars, a steam gun, a wheel-lock 
gun. many-ba reeled cannon, a city built on two levels, a mechanical 
turnspit, an oil press, a clockwork automobile with a differential gear, 
mechanical musical instruments an improved bawdyhouse with a private 
entrance for clients of quality, a polygonal fortress like that of his friend 
Martini, textile machinery, a rolling mill, a grinding machine, a rope- 
making machine, a diving suit, a submarine, a turret windmill, a brake 
with curved shoes, flying machines. 3 parachute, a printing press, a screw 
piupclfor, a screw-cutting machine, a ribbon-drawing machine, valves, 
pumps, surveying instruments, poison gas, catapults, a file-cutting ma¬ 
chine, sprocket chains, spiral gears, a needle-making machine, a coining 
machine, a lathe, a inmt bridge, a well-boring machine, a road scraper, a 
crane, a dredge, excavating machines, and a mitered canal lock with a 
wicket gate. 

A mitered lock is one with tongues and grooves along the edges of the 
valves, which interlock when the cutes close. Each pair of valves form 
a blunt angle pointing upstream, so that water pressure forces them all 
the more tightly together, A wicket gate is a small portal in the main 
gate, set low down, (o equalize water levels before (he main gale is 
opened. Otherwise the surge of water tosses boats about like chips. 

But. of ull these gadgets, only a few—the canal Jock, mid perhaps lhe 
screw-cutting machine and the turret windmill—were actually reduced to 
practice. Sometimes the ides was not workable. 

One of Leonardo's battle cars, for example, was a turtle-shaped ar¬ 
mored vehicle, loophoted for guns. It was supposed to be moved from 
within by haml-opc rated crunks. Leonardo soon realized th.it it would 
be far too heavy Its be thus prop --lied. Another of Leonardos designs 
was for an unmanned two-horse chariot with whirling scythe blades, like 
that with which the unknown fourth -century author of De rebus betlids 
had wished to mechanize the Roman army. 

Several inventors of the time devised such proto-tanks, bur all these 
war-wagon; failed for want of adequate power. Sometimes they were 
designed to be pulled or pushed by horses or oxen. If, however, the ani¬ 
mals were left outside, they would soon be killed, while there was not 
enough room for them inside. The Spaniards actually tried 200 battle 
curs against the French al Ravenna in 1512. but the French w\>n anyway, 

Tt was the same with Leonardo's flying machines He drafted several 
designs in which b.ulikc wings were to be flapped by human muscle- He 
may even have tried one out. Convinced that this was ntrt the right way, 
he designed a helicopter with a big spiral screw-shaped rotor on a vertf- 
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cal shall, This screw was to be fumed by men working a treadmill 
below, 

Not until 16Sti wai Leonnrdifs bask error pointed out. Then the 
physicist Bordli showed that man has no muscles anywhere nearly so 
massive and powerful, jn proportion to his weight, as the flying muscles 
of birds. Therefore, flight by human muscles, might as well be forgotten, 

Whai did Leonardo actually accomplish? He painted several immor¬ 
tal pictures, such as "The Last Supper" and “Mona Lisa" (La Gio~ 
cornin' He dug l ^mc cuaids, cast some cannon, staged charades Tor 
kings and dukes, nod made countless miles and sketches. 

As he studied, speculated, and designed, Leonardo entered his notes 
and drawings in notebooks. He wrote from right to left, backwards* 
either for secrecy or because, being left-handed, he found it easier. He 
□team, he said, some day to put this mass of material in order and make 
one or more publishable treatises out of it. Bui “some duy rt never came. 

When Leonardo died, thirty-odd volumes of notes passed to his friend 
and ptipii McM The complete edition. of Leonardo's notes, without the 
pictures, makes a 1^200-pagc book. Mdzft heirs sold the collection to 
various purchasers, so that it became scattered over Europe. The buyers 
were more interested in the notebooks as collectors items than as tech¬ 
nical work?, for by then Leonardo's fame as a painter had quite eclipsed 
his renown us an engineer. Some volumes were lost h but the rest have 
been collected into various European libraries. 

For several centuries, Leonardo's onJy published wwfc was u treatise 
on panning extracted from his notebooks and printed to 1551. Nobody 
even began to publish the rest of the material until Lhe IRHOs. By that 
lime the me chanica l arts had advanced so far beyond Leonardo's lime 
that his designs were only historical curiosities. 

During hb life, Leonardo had some influence by personal contacts 
with ciher engineers; Some tijtoriata of technology daim to find traces 
of his influence in later sixteen Lb-century machines. A, few men, during 
the centuries folbwing Letiruido's death, mined the manuscripts for 
ideas One such was the mathematician Girolamo Cardano* whose father 
had been a fnend of Leonardo, Uc cannot tell for sure how much in¬ 
fluence Leonardo exerted in this way. But certain it is that his influence 
would have been many; many times greater if lie had published his ideas. 

This brings m to the flruil paradox of Leonardo, Despite His eager¬ 
ness tot fume and his wide knowledge, he failed to grusp the importance 
of an invention that would have enabled him in achieve bis goal: the 
printing press, He knew all about the priming press, loo. Eft (act, he 
sketched mechuttieiil improvements for iL 
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But Leonardo was content to reach for fame by word c it mouth only, 
as most scientists and engineers hnJ been doing from Imhotep on down* 
He did not realize that even a small printed book would nmhipjy his 
voice thou Minds of limes over and expand his influence accordingly; m 
that this inRticn« + applied in iim way, might have fldimeiS the me¬ 
chanical nits by cfccodts. Or, if he did realize these things, he never 
acted upon his knowledge. And for those reasons 1 da$& him. not as the 
first of the modern engineers, bur as the hist of the undent ones, 

AJrer Leonardo, die changes leading to the modern era in engineering 
came thick and fast. 

One change was the growth of printed technical literature. In 1482* 
Vsdturio broughi out De re mittuni, surveying the stale of military en¬ 
gineering, Three years later Alberti summarized construction with his 
bock on building. In early 4 XVI, mam minor technical books— hand¬ 
books and how-to books—^ppeared t such as Bayuns' De re rtarali, on 
shipbuilding (1536), 

In 1540 Bbingncdo T s great treatise on metallurgy, Ptotecnm, was 
published poiihumously, Bferingticdo had been influenced by his German 
colleague Agricnla p fl who iti mra borrowed passages from Eirmguceio's 
book for his own masterpiece on mining, Dr *c memllka (1556), In 
1912 Herbert Floorer, then a young mining engineer, and hh wife trans¬ 
lated this book into English. Agricoin also wrote a perfectly serious book 
for musing engineers on gnomes and how to get rid of them However, 
some statesmen and scholars of more recent times have believed in 
queerer things I ban gnomes: not many years ago the Prime Minister of 
Canada was an ardent Spiritualist 

Later in the cent ary, Palladio, who perfected the bridge truss, covered 
she subject erf architecture in / quanto lihri drll arcluiruura (1581), 
Ramdli and Vera nexus. wroie on machinery, Fontana told just how he 
moved the second biggest of Rome's obelisks from Nctos Circus to a 
position in front of Si. Peter's, in case anyone wauled to move anotlier 
obelisk. And many other, less famous technical books appeared in print. 

Another change was the advance of thint pure sciences destined most 
to affect engineering, especially stalled mechanics, kinematics, and hy¬ 
draulics In the Netherlands, Simon Stcvin (t 54E-16201 discovered the 
triangle of forces This discovery enabled men to calculate the actual 
loads on she members of cranes., trusses, and other stmpte si nurtures, 

Stcvin also speeded up the proven of calculation by inventing the 
decimal syvicm. The effect of this discover? m.sy be compared with lhat 
of the modem introduction of compilers. In addllion, Slcvin devised \ht 
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pirns of Hooding ihe Dutch polders as a means of defending tlk Nether¬ 
lands. In I672 n tills defense slopped the invincible armies of Louis XIV 
in their tracks. 

Stevbfs younger contemporary Galileo Galilei (J 564-1642? solved 
the pfobtoms of accelerated movement and began the analysis of stresses 
in beams. He did this in his old age. after his. trouble with the Inquisi¬ 
tion. The Inquisition had ordered him not to expound the hypothesis 
of Copernicus, which put the sun, instead of the earth, at the center of 
the solar system, as Aristarehos had done tong before. Galileo, a peppery 
man who did not suiter fools gladly, published a book arguing ihis hy¬ 
pothesis anyway, St The Inquisitors forced Galileo by ducats of torture 
to mean I and put him under house arrest for the rest of bis life. Never¬ 
theless. and despite Jailing eyesight, he managed to complete his Dialogue 
&n Two ;Vrv> Sciences r 16363, giving the science of mechanics its great¬ 
est impetus since Hem Although bis analysis of the stresses in a beam 
contained a bask error* others soon corrected this. 

Alter GaJik-o, Italian science and engineering did nol fare so well* 
For one thing, during -i-XVl the great powers—France. Spain, and [he 
f+ Hoty .Roman" or German Empire-used Italy as [heir favorite battle¬ 
ground. The divided and mutually hostile Italian city-states were as help¬ 
less to resist these mighty, marauding armies as the Greek dty-siales had 
been to resist the Macedonians and rb* Romans many centuries before. 

Furthermore Italy, where the Renaissance had started, received the 
brunt of the Counter-Reformation of the Catholic Chinch. One of the 
more puritanical popes sent workmen through St. Peter’s to remove 
the genitalia of Michelangelo's cherubs with hammer and chisel. The 
counter-reformer cleaned up not only the morals of the clergy but also 
any scientists suspected of heresy. One of the latter, Domenico Oliva, 
escaped the tortures of the Inquisition by jumping out a window iq his 
death. 

SUE), technical progress continued elsewhere, ever faster. Technical 
men began to organize; the Society of Lynxes. to which Galileo be¬ 
longed. was the first of many such organization*. The first research in- 
was tauniied in 1360, and the Erst industrial exposition was held 
ai Nuremberg in 15GS* 

Engineering schools appeared in France in +XVTU. At the same time, 
specialization within the engineering profession took place. John Srnea- 
ton, who had to go to France in the 1750s eo round off his technical 
education, called himself a “civil engineer/ 1 meaning a non-military one. 
Simultaneously, the experimental vacuum mine pumps uf +XVH were 
evolving into the steam engine. 
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So. after Leonardo* engineering became modem. We should not be 
footed bv ihe gaudy tmsdkvalistic cosiumcsof these engineers—the feath¬ 
ered hats, flowing hair, ruffe, Laces, and vwutds. The thought in these 
plumed ami periwigged heads were modem thoughn. 

Nor was the transition to modern times a mailer of any particular 
Invention. such as the steam engine. It was, rather, the coming of a time 
when technical development became so rapid that men could see the 
world about them change in their own lifetimes. It is no accident that 
about ^ XVI, men began to write of the "wonderful discoveries of this 
modem age" and to wonder aloud what would happen next. 

For that matter, we are still wondering. The pace o! change lias 
speeded up until change itself has become one of the mo*t pressing hu¬ 
man problems. Oder readers can remember streets lit by gas, wagons 
and carriages drawn by horses, stoves fired by coal or wood, and out¬ 
side plumbing. Even the younger ones may recall the day’s before self- 
service markets anti transoceanic air travel. 

This constant and rapid change affects those who live under it. As 
Russell has pointed out: u Few men's unconscious feeb at borne except 
in conditions very similar to those which prevailed when they were chil- 
dres£ +lat Hence people who live in up era of rapid change lend to suffer 
from a vague hut persistent feeling of unease. Something is wrong, 
though they do not know just what Some react to this discomfort by 
wildly irrational f anati cism, us by asserting that fluoridation of drinking 
water b part oF a Communist plot to poison the nation. Moreover * it 
can be shown that speeding up the rate of change probably fosters 
crime. 

Some hhiTre engineer! for the'-e difficulties but that is futile. The whole 
process began back fn the days of Imhotep. Once started, technology 
was bound to develop much as it has, although the timing of this 
vetopment might have varied if poEfttcd history had been differant. 

Nay rather, technology started back in the early Pleistocene, when 
our apish ancestors, instead of evolving fangs. horns, or claws to enable 
them to make iheir way in the world, developed brains for the purpose. 
Once ihai portentous step had been taken, everything else followed natu¬ 
rally, And now there i\ no more Mopping or turning back than there t* 
on a ski slide, once the skier hsfc& pushed off- 

01 hers blame the technical men because they have not succeeded In 
making everybody kind, honest, and peaceful. Therefore* they say, tech¬ 
nical progress has nor "civilized* 1 men at ufL 

Bui it is a mintake to confuse these virtues with civilization, Civiliza¬ 
tion is a matter of power over the world of nature and skill in exploiting 
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this world. Is Ims nothing to do with kindness* honesty, or peacefulness. 
These virtues tire found scattered—rather thinly, alas—through the entire 
human species* although they occur in some people more ihun in others 
and are encouraged in some culture* more than in others. No doubt it 
would be a good thing if they were universal, but the engineer h not the 
mm to ask this of. He can heal your house, dam your river, or build 
your space ship* but it is hardly fair to expea him also to make you love 
your fellow ma# r Priests and philosophers have tried for thousands of 
years to accomplish this, but with indifferent success. 

An engineer is merely a man who, by taking thought, tries to solve 
human problems involving matter and energy. Since the Mesopotamians 
tamed their first animal and planted their first seed, engineers have solved 
a multitude of such problems, fn so doing, they have created tin teeming, 
complex, gadget-filled world of today. 

But problems arc like the Hydra of the myth of Hcrakks; cut off one 
head and two more sprout. Sctcnlists and engineers have, by using their 
intelligence, solved some human problems. Hue the solutions themselves 
have given rise to still greater problems—nationalism, nuclear war, popu¬ 
lation explosion, and degenerative mutation pressure, to name but a few. 
If civilization is to last, and the prohkrm arc not to grow be vend all 
coping, the re*a of mankind, and nut just the scientists and engineers, 
will have to use intelligence also, and more than they have so far. 

Otherwise* in place of vanished man, the re mute future nun see the 
speciifircd defendant of some present-day monkey, rat, or lizard begin¬ 
ning to dig his species* first irrigation ditch—and so starting the whole 
process over again. 
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I. Bii-.h.-im, pp. 85 £. 

CHAPTER TWO 

1. Also spelled Djoicr. Zoser, or Zercr. Bcinwic of the vnNfuittw of 
ancient Egyptian writing, the promintiatHm of early Egyptian words is very 
uncertain Henoe, Hurry Ipp. 191 f.) i«t* 3* wiys to spell the tuwnc of 
Imhotep: Aiemheip, I-cra-hotep. Ihoicp. Yemhatpv, Sec, 

1. Maneiho (Loeb Classic*), pp. 41-15 Jojer’i nume is also spelled 
Scsorthta or Sowrthas in cute quotation* from M and bo, whose tuunc in 
Greek WdLs Manethos or NT t afl th ift 

2. Greek. Imouihes The h represents a gutluml fricative bcPreen our h 
and the eh sound of Gcmmn aeh. For other Egyplian sound* without dose 
English equivalent see any Arabic gnrmmw. 

4. AfatfoAfl is an Arabic word meaning “bench ^ Tombs of thh type a/r so 
called because they were shaped like (be benches of mud brick iha( Egyptian 
peasant build in front of their huts. 

5. Greek, Troia; modem Tura. 

6. Lalin, Aesculapius 

?, These are estimated based upon uhaf w* can see of rhe pyramid There 
is no w^jv to im'rmin these figures wctly short of I Liking ihe pyramid apsrt 
and counting and wcighsng the especially as a ledge of lock rise* into 

the interior, nn man knows hsw* far- 

& A General Summary* in Depottmettml Dirtier {I9l2h pp. U f- 

9 + Greek, Chephren or Kcphren. 

(0. Greek. MyfecrfnM or Mcncheres; Larin, Mycerinus. 

tl. Greek, Arnentmmes. 

12. Or Aiihraick; Greek„ A mans Edward*, p. 196 ; Fakhry, pjs. 234 f. 

13 G!arvdle H p. 355- 

14, Hmxk-tiis, 1E P 125^ 
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15- Debifllbotep, or TchuLihotep. Jehutihetcp, At For ihc argument about 
rollers* set Davis-on: Ergdbach, pp, 5®ff-L Ncuburger* p. 210, 

16, Because of the precession of the earth's asis, the north celestial pole 
moves in a circle in the sky* 47*“ i n diameter, making one complete circuit 
every 25,800 years, 

|7 r Dunham. 

IS. Shear legs are a pair of long limbec arranged Ukc an inverted V* with 
ft rope passing ever (he epe* for hearing, 

19. Millet 

20. * t Ozymandiai^ is Shelley's corruption of Diodorus 1 “Oiymnndyiu'' 
(1, xMi) which In inrn is a comipiion of Uscr-ma-Rd. one of Rjuneses 1 trniny 
names or titles The obscure phrasing of line* 6=4* is understood if you w* 
member that 1 ‘survive" is here a transitive verb- Shelley h spying: 'those 
pasizoib . - t survive . . . Ihc [fleidfSEor'i) hand . , , and the [king's] heart' 11 

21- Herodotus. 11 , 108. 

22^ Greek, Ntchd, Nekos, or Nechao, 

23. Persian, Kambtijiya, 

24- Greeks D&reros or Dareiaks: Persian, Darayavnhush Diodorus (l 4 
sjtxiii) tap that Danus gave up the project when erroneously warned that 
the Red Sea wag higher than Egypt and would flood thal land. This is Witrcig 
and Herodotus, who says Hh 158) ihfit Darius completed the canal, ts right, 
because Pari us. left monuments commemo rating his comp Icl ion. Some think 
the canal Wits begun before Nskau's time, perhaps as far back us —21)00. 
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1 . Forbes: Studies, ll r p. 20 . 

2. Pritchard H9S0-55K p- 197. 

3. King. Iff, p. 14. 

4. Pritchard, op. eft., p. 270, 

5- Or Iddti; Greek, hi modem HI*. 

6. The biblical Shushan: modem Shush. Iran. 

7. Oncsikritos, quoted by Strabo, XV, tIi T 10, 

8. Wlttfogeh p 155, 

9. Arabic t*df, pi. fnffif. 

10. The biblical Emeh, modem Warka* 

U. Akkadian, ziqquntiM. "peak" or "high place.'* 

12, Pritchard 11950-55), pp, 275-95; Champdof, p. 90. 

13. Akkadian. Sintikheribi. 

14. Akkadian. Kahlu, corresponding roughly So ancient S inner: a. 

15, Akkadian, Niriua: Greek, Ninos. 

16- Called Dfir Shanukin (Home of Sargonj; modem Khomhad 
17. The modem Kho^r, 

IB. Jacobsen k Lloyd, p 35. 
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19, Akkadian Arbdla: mstfkm ErbiL 
W< Jacobsen k Ooyd, p. 38. 

21. Fmegau, p- 2.1 5. 

22 Nahum Eli, E* 7, J8. 

23h Akkadian, Nahu-apai-ujpr* 

24, Or N cbud uidnKzur: Greek, Nabtmkcdooftsoros; Akkadian, Nibu- 
kudurri-upir. b ’NebLl£had^KZ^, 1, die spelling used by Jeremiah and Ezekid. 
is nearer the original duus the ^Ntbtiihadnmir” used elsewhere in the 
Bible. 

25, Formerly Bsgazkoy or Bughoz Kmi; now ftotazkale* Turkey. 

26, Ingraham, p. 18. 

27, Greet. kmmmPK Latin, pmttix* 

28, Koldeweyv p. 91. The Arabic word mentioned seems io he dltftt, 
meaning also "‘clipboards 

29, Herodotus, 1, 186; DiodoruA, Q, till. 1-3* 

30, Persian. Kurush; Greek, Kvros, 

31, Greek. Nahonidos, 

32, Persian. Khshuyurshn. 

33, Arrian: Aflirtaiif, UI. avi; Ylf, xvii; Strabu, XVI, i, 5 + 

34, Persian. Hakhumamsh, 

35, Sahaea was the hibtol Sheb* and the Arabic Saba'; Ma"rib was the 
classical Mariabtt. 

36, Luqraan ibn-Ad, 

37, Esther vlii # 10; Hcrzfefd; L p 228. 

38, Persian. Guhranda and Artahqva. 

39, HtratottH, m 23. 

40, Greek, Ekharana. Ag-; modern Hufnadao+ Iran. 

4L Persian, Anakhyhyfhra H 

42. Pdybfiift X. xaviL 

43. Medieval Ktaiwaircitil modem Khumtuix 

44. Greek. Antdo m modern RuM. 

45. Greet. di£r£ r u is-« n i Latin. hittmis. ^iwo-oar-cr " 

46. A knot = l nautical mile (- It htod miles) per hour "Kdqu per 
hour 1 " H incorrect unless it refers., not in speed, but to dCceteratiocL 

47. The modem Nnhr Na'meltL 

48. r.itn nnnti c Siduna. Sor, Qarth-hndasht. Ikcfoth; Greet: Sitfoix Tyros. 
Knrchiklon, Berytos: modern Saida, Stir. Turns, Beirur. 


CHAPTER FOUR 
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2. Herodotus say* (Vlt, 1841 that Xerxei had 1,600000 flghtbg men, but 
I his hr n preposterous exaggeralunx See Minim's. anulyw of these figures in 
^ncie/u Sfirfp/y. IV, Ox ix, Few ancient armies could exceed 
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the n^mc of live ue<wm chamber at She wes* end. 

4, Kl’lUs: Ode tu n NixIitirtgidC' 

5. "Ashena of the City/’ Uder called Athena Prom aches, “Front-rank 
Fighter.* 1 

6. Architects use ihe Latin term, 

7. This member w as called an nrcAutoj or ^a-urchin. M 

8, Vrtrovrus, JV. L 9-10, 

9„ Vitruvius. V. v. Virnivius tvlh of bronze vam. These have all disap¬ 
peared. for obvtOtti realms, hut fragments of the cheaper pottery vases have 
been found at Greek iheateiSr 

10 Ami oik: Pt>Ut£rj k 11. viil (126Bh), 

)L Diogefics LafSrtius, IE, iii. 8- 

12. Cicero: TAe Republic, k * H5). 

13, His real d£tine was Aristokles* P( tiffin, from plaiyi, ^broad,” wm a 
mcknMnc. 

N. Plnlo: 7A* JfcpwWfc, VTI ( si Same defenders of Plato aver that this 
passage if ool really anihseiennJW, kit is a plea for the use nt mathematical 
calCtilanonf and hypotheses in asmincmy. 

15- Vitruvius. V, i£i f 

tfi. Roman. \cnp mum: nn*J Italian, Agrigrnlo: Sicilian, Girgenti. 

17, Modem Sdinunte Dk^ncs Lairrtiut, VJ1I. 70. 

18 Rcfodtrim, Ill, 60- 

19. Tlsucydtdcv IV, tOO, For a limtUr device tued by the Greeks of 
Avnhratia against ihe Romaic hi —189. see Polybius. XX I t 28, 

20. Dkdonte, XTV, all, 3-4- 

2L Diodorus, Luc. eiL, It xlik 2: Pliny ar M VII llvj Tam. pp, 130 f- 

22- Diodtiru* XIV, I 4. 

23. PEutarelti Saving of WnjfJ ond Commanders: Attftfdanm ran of 
Axrulaox: Aeneas Tact ices. *x»iS T 8. 

24. ftumctli. pp. 522-32; Hirinpiccio, p, 437; l.eonnrdo <fa Vinci F pat Jim. 
2f . Or Sun-d/' i ''Phdos'ph^r Sun'^. Sun Tzu. See Sun Tiu Wii* Ch, v 

fed. Phillips p. 56L 

2b. Or Chih-chih. See Duyttrldiik We dial! learn much more ^bom Chib 
nesc cqopult-- when Dr Jowph Ncodbnrti complete* publicaTion of die fourth 
volume of hk monumental Science attd Chdiuitfim m Chma. 

27, ShaLi.-hjx-iire: The First P^t rJ I King Henry ll\ Act 1. Scene tit. 
11 . 60 - 63 . 
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Syracusans, because classical Greek* thought nothing of appearing naked in 
public 
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Juvenal, til, 190-202 

6. Pliny sr., XXXVt fl^i). cxcv; Petmnsus. II. 

7. Suceormi*; Fki/wfr;i, xvuL 

8. Pliny if,, IX bm 1168-69 }: Valerius Maximus. IX. I See ttvj Ckero: 
Dt fwihM, 1J, xxn (711 1 Dr f>fc, HJ, *vi (67): Columelb: On Agriculture, 
VTI1. xvi, 5. 

9. Modem PozzuoE. 

10. G. Giovanni tin Bailey. p. 437) explains opus faeermm ax meaning 
random-width ashlar masonry, while all my other sources explain It as con- 
etc It studded wilh a facing of hrogulaf sion& Some class random-width 
^ihliir masonry as a kind of opus quadrututn* 

It. Pliny ir„ XXXVI + 111 (7), 

12. Sue I on ins. Augustus, nviil. 

13. Modem Spljet, Yugoslavia. 

H- Modem Timgad. Algeria, 

15 Panem et ehrceniti: Juvenal, X„ 80. 

16. They were actually begun by OiracaibV father Septimiu* Sevrrus And 
filched tome Year* after Catcall** rcfgn by St verm Alexander < -r III). 

17, Froniiquv: Aqueducts. I, v; Livy, IX. xiix, 5-9 + 
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18. G/eek Epidamno^ modern Imlinn Dunzzo. Albanian Durrcs. 

19. Statius: Silver, I V, iii: The Domimn tfocid. 

20. *€edo Gfirram"; Tacitus: Arnold I. 23. 

21. Modern Mitrovica. Yugoslavia™ Tadius: Annab, L* 20: XT 20; Dio 
Cassius, LXt, jesx. 6; Eutropius, IX* 12. 

22. Caesar: The GaWc War. IV, evil 

23. Thomas ti;ibingtun Macaulay: /fcva/iiia. Livy, II, in-*; Polybius, VI, 
55. Porvena’s name h spelled Por^fina or Porsinna. 

24. From north to south. The ancient bridge* of Rome, i elan tCh 
vUy, were a* tolltiw s., First c^mei the ccnsury in wliich the bfhLe w as be trim, 
ihen the nsmie± by which it ban been known in more ot less chronological 
order. Thoftc barred still stand: 

-III WuJvius = Milvio ur Mode* 

-hll Adi us = Hadrian] or Adrianos = Sonet} Petri = Elio or 5, 
Angelo" 

+T Ncronianus 
—I Agrippac 

+11 Aurelius or Antotunuy = Valenti manus - SbtQ* 

—I Ccatius = Graham; = C&sb or S- Bartolomeo - 
—1 Ffibrifiia — Juikeomm = Fnbrido or Qnnitro Capi* 

—IJ Aemilms = Lepidi = Senalorum 
-VI Sublicim 

-TUI Prohi — Theodtigii = Marmoteus 
The Pontes Cestitts and Ffthridus are in tandem, not parallel mi might be 
thoughi from ihetr listing. The broken-down bridges have been called fupni 
ruptus or pome rofto at vorinm times, but the term does p<n mean any par* 
titular bridger In recent centuries 3 number of new bridges Luve been built 
across die Tiber, and more are planned 
25 Hart (1928), p 4. 

26. Vitruvius, VT1L vi, 10—11. 

27, Also called a modulus or adjutage. 

23. Tacitus: Arniab, XII* 57; Suetonius: Cfowriiur, xxi; Uio Cassius. LX, 
nifil 

29™ Meaning Tiberius, Gains Caligula, ClandiiM, and Nero respectively. 
Quoted from an tm identified source by ftuil Daveupart, m The Riptwn 
Reader |N,Y,: 1951-59), p. 479, 

30. Horace: Sutton, 1 B v. The marsh wm pari of ihc Pompline Marches, 
already described, while ^Fcronia" was a shrine of the goddess o( dial name 
near Tarracin*. 

31. Ljoditrom, P . 213™ 
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CHAPTER SEVEN 

1. The ending -Janus meant I hat, before joining the clan of the iuht, he had 
belonged to that of lhe Octavii. 

2_ Seiwca; On Vrnrj, I, xxiv, 1. 

3, Wright, pp. 140 L 

4, SJelr-nius: New. xLh xtix. 

5, Weinman k Watson, p, 48, 

6- Dio Casaiua, LXIX, iv- SpaniatuiS:; Hadrian, xj£. 

7, Specifically, H»drinn\ ending the phns implies that the lempk was um 
yet built, in which ease the faults of the design could have been cosily reme¬ 
died If on ihe ocher hand the tempie was already CmilL Hadrian would more 
Likely have asked Aptitfodnraa* opinion of the completed structure* not of lhe 
plant, 

ft. Pliny *r„ XXXt (iii) T xxirL 

*). Pliny jr.i Epistles, Vf + uvi- 

10. A p Luteins: Memnu'rphoies t o. 77 i-l Golden A ms, DC 12, 

H. Pliny if., XVlll uih xxviii 1107). 

11 Sirsbo, XII, iii. IS¬ 
IS, Thr Greek Anihology, IX, 416. 

14. Vitruvius, X v* 2. 

Li, Ausonim, X* 4fose//fl h N. 359-64. 

15, Pfocoptui: Jfldory, V, xi^H 

17. Aristotle: On MmvtkmM Things Heard. 62* 

18 Ley (1954). 

19. Thorndike, I. p. 197, 

20. Plutarch: Cras\ us ii, 4. 

21. Heron Atex.: Pneumatics, tt xi (503 ccd, Woodcraft. p. 721: Cohen 
& Drabkin, pp 254 f, 

22. From a roll pila m "ball (or cap) erf AidW the wind god; used by 
Vitruvius 11. vL 2) for some iort of omamenut kettle, probably shaped like 
> sfaluetEC of ihc god, with a iicmm spout M the top, 

23. Si Gregory led Gardner), pp, 17 f. 

24. Xenophon: AnabaA*. Ifl f ii, 13—19, 

25. Tacilut; Hhmry. [ p 79, 

26. Vrgefius, X: Anonymus. PrcL, 4 led. IhompwTR, pp Iflfif.). CL the 
Invention of a fightwdgfrf ram by men of ihr S^heirui k * Caucasian nation, 
□ l the ^iegc of La^ka in 4-550 (Procopius: ilktory. VIII, xi, 27-11 j. 

27. FfOnthms: Stratagems, Ilf^ LnlrodL 

28. Pliny tr. # XXXVT + xxvi f 199.1; ^cnecu: Qfcuejfionei naiutaki, I. vi, 5: 

sec also Aristophanes; The Clouds. II, 766 3. 

29. Seneca; op, ctl, VII. xxv, 2-4. 

30. ibi± t VII, xxix, 4, 


Now 
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31. Strabo, I* ii + fl + 

3Z IJ. Ruvm? 1J: r*e 4BC 0 / Relativity <KY.: 1926), p 164 


CHARTER EIGHT 


1. Dimer, p. 167* 

2. loannes or John Philipomis: CajttmjvTfar? on Aristotkf* Ph fries* quoted 
fey Cohen 4 Drabktn, p. 220, k by Cla^U {1»K. P- 173, “PhiOpoom- 
jnfrani rhai he belonged to a particular nub'SKt of the Mooophysites, 

i. A- D. White* L pp. 91 L; LacturtftBi; Divine ImtituW, 111. XJtiv, 

4_ Esoydopaedia Britaimica* Vladimir, St. 

5- Hflkr# p. 109; Gibbon, H p- 1353. 

6, Procopius: Buildmjts. U* til, 16-21 (B219). 

1 . Aeneas Tactieus, 3t?oiv. 

#. Heron Byt. m xxn {ed. Barodus, p+ 39 b), 

9, Menckef, pp* 111 f. Where I have written "Mazdiii*" Mended has “Mfr 
rnaeus," I think this is an error fur \tazdai fa ccrrnmcm Old Fenian name) 
and iis Luiin equivalent “'Masdaeiu.." arning from the fact ibm the Arabic 
Idlers dad and mtm look much alike in medial position Ardeshir (Old Per¬ 
sian, Amkhriuilhni; Greek. Aitoxerra} was the founder of the Sassortid 
Empire and the father of Shnpur L 

10. Lkiyd (1942—45)* p, 14. 

11 - Iiuil. p. 15 - 

12. ‘'Caste" U loosely used for two Indian *ccml groupings: the main 
groups, properly called varw or color, and l<M w a subdivision of the vanja. 
Ever since Aryan times there have been four vurnas: priests, warriors, roer- 
cbunts, and workers. But the num ber of j&tis rum into the thousands in 
recent decades the system has been losing its rigidity. 

13 . Homer: Odyssey, XU, LI, 109 - 10 . 

14. Better spelled ^A&Aa/' because the Indian languages have the com¬ 
bination ? 4- h as in M gashotM'" as well as the sound of ih as in kL fkh+ n 

15 . Respectively called ertfhnmdnrfapa, mnndapth antdrala^ and fim&VE. 

16. Or Mkhara. The shrine room Is the garbhagriha. 

17. King Kumorag-cipta. 

16. Known to medieval Europeans zn R bases* Albimni, Avicenna* ind 
Albiuzcrt. 

19- Udijifh ibi^Yahsub, 

20. Properly Sabh-ad-Din Yftsiif lbn-Ayyffcb. 

2!. Gibbon. H* p* 1334, Twelve palms would be about four feet, but a 
6(KlghJijftd ball would be only about two feet In diameter, 

22. Arnold, p. 337, 

23. Dr Huiine-tL Of the several ways of transliterating Chinese dames, I 
me a system like that of Yale and Gardner which* if it does not fit the lan¬ 
guage exactly, comes closer to it without special directions than the others* 
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especially Ihe farmer but misleading W&de4jtle$ system with its spoitniphei. 
Wade-Gitas spellings are given as alrama Lives in Ihe notes. To appnxtLmiitc 
the Chinese* render e by the vowd of "tip**; I by b sound like ehni of the w<ird 
“err"; £ a* in German; e as in "hone*- 1 ; on as id “soul 1 *; ami hf like efr in 
German rrfr. Wdl-known Chintz placr-mima are given in their cdffrentioaiil 
fsumv regordks* of syslemv See Tao-ud Hsia: Chinn v Lun$m%e Reform* 
{New Haven: 1956 ). 

24. Or Yaa 

25. Or Chou* 

26. Or Chu4co Liang. Needham U^54t B p, US; Fortf, pp. 25, 104; 
Agritxild, pp, 154 f. 

27. Or K'nnsi Fu-Eze, a zQ m 

Or l.ao-lze,, 3 nickname meaning 11 old philosopher." His real 

name wiia Li £r. 

29. Became the correct reading of the Chinese chamciers of this name is 
doubtful, it has several possible forms; Hsiian Chunng, Yuan Chwan, Hnan 
Tsang* Hiunn Tsiang, &c. 

JO, Or Ts'iru Chin* Chin CMng, &s* 

33. Or Shlb Huang TL 

3L Or Li-**:, -mu 

33. Geil* p. 204. Thi* it a paraphrase or abridgment of ibe onginuf. which 
in turn is probably a fkiiiiaus speech like those which dashed historians put 
in the mouths of PcrikJes and other notable*. Bus it may give I he true rea^ns 
motiva ling TsLel 

34. Or Jin, Kin, Chid. 

35. Or Ch in Erh Stub. &c 

36- Or Liu Fang, 

37. Swei WeiHii and Swei Yang-di, or Sui W£ n Ti and Sui Yang Ti. 

3a Pok>. IL liii. 

39, Or TYai Luth 

40. Or chik. 

41* Garter* p. 3. 

42, Loc, cit. 

43. Or Chieh; Carter, p, 4), 

44 Or Pi Sheng. 

45 It is undTdcLii whelher M Co*rsrr" was the man* “mmame or merely a 
sobriquet meaning "the sacristan." 

46- It is noi certain tfiai this job was finished while Gutenberg was work¬ 
ing with Fusi or whether il was completed by Fust and bb bier partner 
Schoffer. 

47. Or Liang Ung-tsan. 

48, Lyuu Hsu: Jyvu Jang Shu^ mv. pp L la IL* quoted in Needham, Wang. 

A Price, pp, 7ti f. 

49- FMuan Prung or Tsnng, 

50. Needham* Wang^ & Price* p* 79. 


Note ,t 


383 


51. Or Chang Ssu Hsun, Sae HsOn. 

52. Or Tsting, 

53. Ot K’ilan. Ch'iian, Ac.; "Cathay" come from “Kitan," 1 the Kium 
dynasty was called the Lyaa or Uaw 

' 54. Or K'aj-ffajg-fu-, fu = "aty." 

55. Shun-di or Shun TL 

56. Forti. p. 272- 

57. Ley ( 1942), pp. 6J f.; Partington, Ch. iL 

5H. Biringuccio. n. 433. Birihgucdo's “cobit" is the Ftorennrtt btaechio 
of about 23 Inches. 

5?. Ley (1942 1 . p 64; Partington. pp, 97 f. 

60. Biringucdo, p, 319. 

6t, Or Cheng Ho. 

62, I. A D. Needham, pp. 256f. Marxisi Needham htwiify adds that he 
“does not mean that capitalist economy is necessarily the best today or the 
best for the future,' 1 


CHAPTER NINE 

1. Thcophilus, III. xlviiJ. 

2. Bacon; EpuuAti dt ytcrctb oprr (Jmt unb et narurae, quoted in Klemm, 
p, 95 

3. Bacon: Oput mofut, 11, pp. 574, 5S2. 

4. Singer. Ill, p. 230 

5. W. B. Patsoro. pp, 277 f. 

6. Ibid,, p. 27], 

7. Aeneas Tacticus. xnis, 3. 

S Ley (19551, p. 92. 

9. Klemm, p. (59. 

10 St achieve! 11 1I960), IV, i (p. 164); V. vii fp. 2531. 

I!. L B. Alberti: ,-trcftiteriHra (l.eoni transt,, London: 1755f. quoted by 
Kleinm, p. [ 19. 

12, W, B. Parson*, p. 241. 

13. Filippo da Modena and Fioravanle da Bologna. 

14, W. B. Parsons, p. 375. 

15- Or lls&el. Suetonius; Claudius;, i; Tacitus: Anna!*. II. 8; XHi, 53, 

16, Lane, p. 172; quoting Peto Tartur, Travels and Adventures. 1435- 
1439 . (N Y.: I926i. p 170. 

17. G. K. Chesterton: Lepwte- 

15. Klemm, p, 121, 

|y W. t! Parsont. pp. 16 f. All of Leonardo's many biographer* print 
tins memorandum: r.v , Hart (1725). pp. 43IT,; Valknlin, pp. 75-S 5 &C. 

2ii. Machiavclli 1 I9f>fi-2B). p. 217 Actually a separate short article (Del 
modir tenure did dura Valentino nettatnmaadre VueUmset VUeUi, OHverotto 
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da Ferma k 0 signor Ptigolo. cd it dam dl Qmvim Orsitii. 1503) bui somtflnies 
printed a& an appendix 1:0 It Principe [The Print*)* 

21. VuOenibi. p. 349. 

22. Ibid.* p. 462; Encyclopaedia Britannica, $,v. Renm.vsaix€- 

23. Bom Gcon^ Bauer. be latinized his Harm- rc> Gn'Orciu^ Agricdta for 
fitcrai 7 purp04£3 P as they did ill rhi.il time. Saner End &grtrain hath mean 
“fanner. 51 Far that mortcr, his given name came? from ihc Greek gcorgms, 
also meaning L ' farmer/ 1 

2A G. GilKd; Diah>$a „ , . del Ba*' \ tasrimt Shtemi del Mondo Tnie- 
msko. * Copemktfno ^Florence: 1632). 

25. EL Russell: The Impact of Science on Society (N.V.: 1953). p. 103. 
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